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(j-C d<_ -y - l j (_yJ.II aj 1 * 1 1 JL>-i 3-<kJ i^jJjjlII |_^jLaJ! 

q fl-LH-se rt d) 2(L^_« (j_* - * ' a ' *~* "*"' rt J ^1 qlf (jjLsLJ 
iCjLuIou^JIj i (j La * I 1 j idjilll (<si^.J '(_j-!V i_jjjL>JIS 
i L<-Lg--v ?Vjji ^1 "1^-J-o i— iLjSJI I Jufcj ^j .. A «t1 (<si^.J 

^ a d 1 J^4^JI Jjj fjjs i_x£ljJI i kS-dl |_^jL2JI u^lj 

. JJJLsJI ^1*J! Ijuk 
(. I c 'Lcjj.o *" '^*> (jjj lo£ (_^o i_iLi£jl (JjSjj 

<LoLc S^SLa L4I0 (Jj^ ' c^ '"^'1 («j^>j •(*' ' "31 4 1 iiq-^ 

td.u.uLu'^l 4j^Lloj dal i a?j^^I;U,^VI ? 1__jJ| ^ 
L$J (_p3_)_«JLj (__rlJI '-r*- 1 '^? 1 ^' U^*.' j^?^W O^'-'iJ 

^yjljjl -1 ■ "Stl (^yJSj .JJ^I jj'^^"'.' t__jLlSLll fj^^ (__r3 

' J J ' a a ^ * .' ' " Lr^ d J*J. ^ tliLiill 4j>JL*Ji, (^jIsjjij 

3_J LSLiV I j 3_LitjjLlJI 5j la iJI (_rw I j/ a *-qjxj^ 

J j I ->o j i3_ijJlSJII ^j^j . ^. ' II <tj>JL*_aj i4_«jijj_)JI 

(_y^j • ^-j^JtJJI ^^.j.^'ll ja^j (jj u ' 1 1 ^^1SL!I (_jjijt3j 

(J J I SeUjI J Julillj 7-^tioJu ^ M"-» rt ^j___)J ( t_jjL_u2 

(jjSj .cj\!hj^\ j-j-«->- (__r3 S^tibl^JI SJiLo"i?l .- 1 La c I «L^ 
5j_lj^>J1 ^ 1-^ >V1 p^_xlD^_a ^JjLLLi *_j1^_J1 -* 1 "^11 

(_^c t-J-jJi * ~ 1 1 j 11 _, La IlS S^JjUo CjVL^o ( _ t 3 I4JL0 
( j_ u _4__>J1 ^ 1 ..£11 ^j_i ^la^juj .TcJI . . . (j.iljuuj ' la flJJI 



tjclVhmUl *lSiJI 

i_£jJ,l /yi ojL>ol ^-Sjj (3^-4-i L* T^-^jdLS 'l^L> ""H J * — ■ -^ 1 1 ^^3 ^r- 1 ;u ,,-VI 

. J^o^l Jljjlj JJ-jJ Loj ^xnaSJI 

4-illl /ai^. jl (^Vl i.i »L>J1 /^ *!jj-u «l-LL»-a 4_uiL>- ( _ > l3^1flj V ^£3 i ' fl-S-J, I 
lLs-i ' " fa\ £yS 4_l!L>- SjLv S^Lo «U3 j^.^^-'II J^?J lilli («-C.JJ ' "k^LC jl 
^UU.^VI s l^jJ| ^IL^Aj^JI 3jjJaill bLuanll(jji Ij-u^T-jlajj} Jj iJJ-J.1 
jojjjjj iCjLajUl, 1 joJLcj (_gj mi j II j_LiiJI (j-u <iJ3^L»Jlj i43jj>Ji,l (Jjj-*-! (JijlzZ 
Lu^c. jj^jJ IJL^Jj .j-ll ..3 iltUj JLuIjjvV! <&>»-Uj ''brh 1 ^' a a-LajVl 4-lHjlS 

jj^vj a-c-j ij-u±j j^a 4j^_lL>oVI ^1 4j i ntj-aJl (j-o (_jLjSL!I I jui /<ijv^2Li j! 

(_, I r j-^j-J 'LJ'^ '• LljLjj . S-J^-lLsoVLj pjjlsjj,! I JlA (J^>- i— <jSLI! (j-o ^-uSLII 

4-U>*J1 SJLlJijJ^I 4j>JUJ,I C^W&I JLS^.Sj^JI 3-JajVlj iuiJjJaJI CjUIJ! 
JlJ_o sLi^aLi-J Sj—Li-al CjIj i i n II /_£ t_!jj(JI (j-CcvLJI (j-° I Jjl^ILa LaLtijfcl 

i_!jJ(J,lj cjjjSLII (_^& cjIj^jJJ.1 (j-° jjJjJI Jui^. (<u jJia iCjLLuLiilJI i ^/i'.» 

I JJJtJI »1 oUII £yl JUljS ^yZ>J^.J tpJ_L*3jJJ 1 JL& (J^>- (j^-IOLAjJ 3j-&UlJ1j jj_uJ^JJ 

CjJSj-tli ( j-o^-u$Lli.<CLitl L«£ .(_j3-pJI pjjlojj,! I Jui ^fl «Ll!j2| /<i^jL*jI /JJLiJ 
^Ij-Uj 3-lI.IjlII <i£j-ii LjJLaj <Lojj<JI 3JLLJ1 SjsJIjlaj ^jjlW (jlajJLi in nL>JI 
i* JJ ' ' <= L-«-lLiJI 4 jo frau tSlj^l (j nS<j Lxjj iiaI .(^j .(_gl» 4ij_iiuJ djoUII 

(j-o JjLjJI jcSLII Sjijv^jJ iii nL>JI aI jLJ-"u ill 2 jo it^/j iS_ujj<J! 3Jii! in nL>JI 

i'LujjiJI i " 1 1 -» I La i is 1 1 Jlx>-jI1Jj I'Liai-'ill CjLiilu Llojj j i"i m (j^JI Cj La j \i\\ 

* jLLSJI ljuk ^ya ^^LlII a ' ilSJI jJjLujjj .«LjjjjlJ1 ^j^j L^aJul ^^a-ptijj -^ J a I j 

SjjJij LI '^^ 7-jJajj pjli ii (- olr (JSjIijj ^juuzjul u 4-jjt-LAaJI CjLiill 4j>J1jla 

Jl^IjJs jj-5j 2 j»j;I^H oUill 3^>JL«^ ^ ^VjJI (_LL*jJI S-uuiL? 3^Lk 

pj-tisj^j .(JL>J,I Ijtjfc (^ t±ije-iil SjijLa CjI j tJj'C" i n i_iLiSLII (^ 2 a.Jj La 1 1 
i^^-iLaj t _^jjtl\ j<sJL«JI (jl i—Sj^jjLil qa£ i«Li-oL>- 4jo iti 4J 3j_LiiJI iLoJaj^l 
L_i_Aj .*I^_xj>J1 ^j^a-g-ia '.Jj S *H 5jj?e_A ^j-* it^AjLtJI ^JLaJI 4_i2j ^jLifu «ULiIu 
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ppjjLoJI 6uDAfljn 

' . ' J .' O - ^*" ^-'- a J-^Jri O' (j-^-*- 1 3-*J -4j>.L>JI CLlCI I oK L^jjl 1V11 nl 

. 2jjjJ,| ^^3 }L*3 Jl^vj-O J-& Lo-yJ ' \^,» J I (_y^ Ly^l LQ3. J?l 

(jh <"flt,l ^Ji£. -Sl-^ (j' Lyi^' lSJ^*-^ tjljSUI I j^jk Jilo j_j£jjj J-oLJ (JJEJJ 
»l o I r S-^Li. njl j Mill «Lxl*J! (j-o JjJjJI «L»jj (jij i/y£ 1 ila ■ -^Vl s l£jJLj 

2j^JijJI LjLiii!l ^1 L&Ijljl1j(Jj-(j^I JioLv j_& l ^ca^^^.u-.tt ^^Ijiil ^^ 

j» 1989 jiiVimrl 3 <_£ OjjSJI 
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4*«tW&\ t»*fe\tt>\$ ^\t&\ I I 






A in'lU ^LujVI cdjlintl 3^L=EJS j^ifi. 3jjll ^^1 

J^x-j d ■ ■■ a ' /j_ol_ij_jJI (jl-< a-3j-J, I Ijl^J i a uaj 
*LJa-^Vl i— at mi~<Ij i2j -y * in U ' * «|j t,| .a 



II 



lJ cllh J flUI clSSJI 

*L£jJI (JJ-3 La Ij_l1£j .tcJI J j Sj •"!! (^ sl-J^/l (j-> i n-a-'il LjJtjjaj-aJJ 

3_ulabj.ll (_^qjI LajJL (j^aljej /jail Cybernetics <Lul^j_j_flj I L_a» ^ I '.U.^VI 

j&lc ("d^J Lx-yJ '(J I jUj*- 4_li> _)_i_u_M /j II j La oj i4jl>-IjJI 4jJjuJI <La-_- a 
Sjjtj (__£• (jL_J Vl L>oJii____j (__l!l 3_u3j__U CjLlUaJLi ^yd '.U.^VI ? _J jj| 
il<}"« nli ^yS l_Lu _9>l__-l JL_-_'I aJJt • dlxa-ij .2_j£_. Lfcjjj <__J| JLi_:_ , l 
i«t-Jj^jJI» j I -• ijU ,".ll <____! jl i<_ij_SLa jl (j j La * a (_£&-*] (__>-aJ (^^-9 (jj^ --a^ 
0~S.~~ '"'"'.' (*4!_U! J I i<ij^___u 5i tj <^a SjLjSjI i«Ll__>Uj 3Jl___« jl ijJJ (_p- jl 
___»-LJI IJljJJ O"*"' lt^I D^-° (j-° J-21J}U 3i>^ Lr^ J -'j*---^' jl '_j-^La 

Cr ic j a- it a U ,v.V| j__f jLoi-Li Vjf 4L_c (^.UL^aVI t Kjdl VL <___! 

sLoljS (_£jJ (jL__)_M gLaJ-3-"i 1 aJ La_l (^jlaj^ill (_)-aJtJ » _aJ j<u 1 ««Lp_» Ljjl 
in ulaell /j_ouj_i ___i eJJt (Ji-Jj joj iCjWji_j_ilj CjLajL-o (j-o Jal mi it! I Jl$j 
/t_ouj_JI ^ La a> ^t a (_£-}j3 JLSj . /t_oujjJI I J-_> i_Jjl__ - t\-*.\l aj ^jjy («3 '_?-''-' 
___i jjj Lajj iIjM-jJ-*3 JLio! (__J! /- a b Lx-« 4_j£ jj _a__tl 4_vji i__l____il (__JI 
(_Jji__ ,_Jj ojjJj l___ (_£_jj_j .-...*> py_oLjj_J| ^_£. ^jJLjJLij t_gj La-JI 4 MM III 
. IjvS— 3>J >jaiaja d tA^\t ^ ^_a cl » iTi i n 1 Laj i*_auj_AJ ' OJUSeji 

(^.t-L^-yTj 1 j a a- 1 1 » ^^ I :U,^VI p l^jJ| LjJjLuj _-l!l _JjL__U ^tr _-_L»jj 
jJaJJI (_ _xj (__ill o _*L<j-_-V! _j_i (jl ! j-a> _-J-*jj .Combinatory explosion 
-jl>j (jl-JiLo^l (_L>JI ^1 J-^jJJI (j^Laj V 4J| 2L>,jjj Ijl^. j_u£ L^a 

LgjV jl 1 1 Jl»- ^Lj^Ls LjSj jii-Lj tix^tjJI 2 A^r- q*$ ij_uiLii| Li*^E_JI CjLlLjjlj 
CjjJlS Jiia i(jLvujVI jl in nL>JI ijh\ j 4jljji 3-5^ '"^" *>^P Sjilis 1— J LajJ 
1 I 20(^1 lO^JI^tJ JLvlj jjj ^ gjjJa^JI jJa^J (4) 5iSUJ,l v2j>i2ill Mia 
LgJuj seJ jl , ■ - <\t ^ j 1 1 oJl^J 3JLqLSUI itc j-«j>J, I Q*aOL& 5JLa-"n ill Tccbl^II (j-o 
(3J-3 Jl^v^j «^I^JI (_5-3j • L4J-0 (_p 3-o*^Lo mJ jd ^JJL2Hj 4jjaj^3J c-u nL>Ju 
. '■ ) lo!\ \~JJt (_^£ (| yC.UIa i-^VI ^l^jJLj J t" mi 1, 1 j CjLuLbljpl /oJLc (jlj ^^jjiLjiI 
I J~'*»;_' (jJ-II 5Jl moll Mjv ijJUji (jl CjLjjV CjLuialj^JI jsJLc ^t 1 nj Lo-LlaS 

aj>o . J*JI (jJI Jj^>>U L^Lul ,jSUil JjLvu^ILi ^yitj Vj .(Ja- V 4Jf jf) 
(jjSLj V Jl3 ajUuAiJ J^ (jc <±^tjj ^LlL-c-oVI *^JJLi JJLLiil (jl JjLUL. 

(j-* 1 J (j 1 1 (j_a (_^l m^JlJ ^Jj j 2 rt «L_LSJj 1 Lal_4-l (JlLa^l jt 1 7c_pt_u£lJ 1 (j^Jl J-A 
i_3j^ii ^ «UJJ «ljd&VI (j^LxJj 'j»j^UI (j-o J>^5 L39 ' -1 1 Lai; Vj i3Jtnitb 
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jjcliiuaUl c&kD (xjjuuUuUI p-utilioJIj iil Will 

.3Jt 1.1U J— ta^lUtJ tiiLa^mi *-x*>. L^jLSjijIi V jLa^ylll 4-uLubJI *Jal_oJI 
.Master Mind «jL»JI jl2*]|» 3_u«J >Lio JLi-til 
Jj-ajlil algorithm Lajj^oi. ijJLufc <jl ^jLuI (_yJI CjL-l^Ij^JI /aJLc <-2Jl£j 
La-Lu i ' " 1 1 j La a. > j i ii j^c ^iilo ' J i>i * ' " ' I j k ■**• 1 1 (j-o JJlC ^^3 4jjiil i y>- ^1 
(_j-<J-a (_L^ F?- "^ ^^3^ ^J^-° <_P w **" '-~ *l «LSJju J <" i"i 1, 1 AjLJr" i nj 

LgJ (j^jia (Jj»J I L^JLLajj (jll! --.IjU^tl jjl^ Lai .a o^lm JVjlIo/I (Jj-k^yl^ 
^t j^^^l ;U,^VI ? l^jj| ^ JljLJI oUoVLs .SLaaVI <j-a ^j^l 3->-jJJ1 

Ljfcjj.3 jj-ri t — ' H!- 1 ^ 3 Hi>" 3 "t" ' "**JI 4£,jjji (j-a jmfcl 3Jljj>JI jajJaJUll £f.}L^a 
(j-CcvLJI (jLiil (^ La-j^a j J; t-i I U pj^^ii^l (jl f<si.jj .(_,nUiU (_£aILcuil (_ji£- 

j U •. 1 1 ( j j0 2_uukl J^I 4J? j£jll (Jji£ deductive logic, t ^JaL±ZixuVI j La ' 1 1 jjfc 
LjiLlAjI - La » a ^^a inductive or inferential logic ^yJVj'inVI jl ^yjljiTunVI 

j_l-lCl11 inference « JVj" mVU ^-M U ,-^1 <_>LjSL!I I jjt ^ AjLJ-'iniinj 

Cjlj-uaLj^U a! JlJ-"ii nVl ljui i_jjLv (_5-!lj . Jal ji"u nVlj r \j Sj i uZl ^^j^SLa (j£, 
(j-a-La Jl>- (jJ! (_,Jjl L?j"' i ii a ( _ 7 1^,-I i^ijl L^a JlJ-"i i ii i i ii i ( _ 3 JLLliU !_gj" i nil (_ji£- 
Jj-3jiL! (j^aj^UI <L>JL*1,I CjJSjj 5^1 jJI 2» i ill Cjl^jjJjj (jl^- J J ■ a >i 1 1 (J^J-I 
?c_a^La 7t_uisjJ ^Jj^j am *j^>Jl 1 JLA «Lu2J ^_ t S (JjLse_u_u3 . La iULtata (_L-v ^^I 

, d La ."j ^ L^Jl2j (_ 7 jJI j_uL»Ji,l (jj^-J < "j .aLc (JSLtuj ^ I iu.^VI «ls jJI jy-alj-i 

i^Lj_a «L£jJ! <j_a IjJl-3 i^.IU" (jlllj ilgla. j|jj,l JjLuII H^JL iS^v (j^a 
(^>-La-i lO~*"' ^L^-Lj ^j-a d La Uj a (j \q£-t < n LaS t(-_3j)jjt_a auc j_L-v L^J (_>^Jj ^jjJj 
.^yjLtujVI «L?jJI (j£i i_3jx. La JSLi aijt'intlj 2jsjLitIxJi,l JulLajJll 4j>JL«II 

Symbolic Representation: i£j#jJt Jmm«mJI 

L^jLjjf ajLJ-"in"t Lgj| ^yjfc <~l '.U.^VI s L?jdl J-alj^J (jyJj^l 3o i ntl q\ 
jl SJl^i i ii tl oj-SLUJ L>-jLi^3 Lja^j (J'v i""t I JJt ( _ T 3 (_y*J '^!- <l:^ J J-i^- 'jj^J 
(jaSLb (_gJLcL2JI ^j" i ii U (jJ-tS iaL9j2| i^Jj-u (JjLuJ (jl » -liaj i aj V in nL>Jl 

VI jiitli (jl lLljLiII o Jl^J (jSLaj Vj binary devices 3_uLu JajLiJ (j-a i. mL>JI 

(jjjui jLji>-l ^Jl JiJSj .njffio jl I » t_i La^J j-a^J (jl (_t^- (J-^Ji (j 1JL - L ^ w 3 JLa-l 
(jl » j LaJ i "j V in nL>JI (jj SJjLoJI ajC Atl j I, iVn I ^JJ (j^_La^jJI (jj^ajJI 



IS 



lJ cllh J flUI clSSJI 

1 jl (j^>-lj * 1 j *^ * fa'lll (J^IJo jULju^i » ^'-^"' ' " > V «L»lj t<( V jl /C_*_»» 1^3-^ C & ^"' ' 
LJJl^J ,npiirnns-5j,,^.ll Lj^LkJI (Jjj-ulA t(jl i n'QLl ^jHuiil <j-aiij (_yl£. Lljlaj 
sLulSLol (_jJI j j ~n\ LxjO (^LuJI x_u3jJI (_yl^. I i*aj] J^ijju (^LujjVI -"j all (jl 

cjIjIjjUI jUejIj jjiit'll 3JLILjJI /ajjiLallj '"'^jj i^villj jlSLa^l ^. j_u-*lJI 

4_ul£Lal (jl i'l ni Vj . 4-uLuJI CjVL>JI jl pLu3j2l ojufc jj-o *»j j Laj " O^l j'C uuj 
I J 1 J flj (_ 7 ^JI «LuLuJI j^ojJI ^ La i ulaj SjStt, lj LjJ-«JI Cjljjj^ajJI (jx. J-^-*-^' 

.4-cSLxja cjIjIj^JI JLJe3l <jjS t- 3LsL*-o (3*^?° ' ." "^**^^ 

( _ > ia-jt-l «l.}| (j_o /j-Cl ' m .--VI «l_S j_ll 5t_o!j_j *_lx-i La «_iLaJu J->-JJ Vj 
CjLjIajlII oJofc /JJLiJ aJlJt" i n"t La LJLc (jSLIj ij-o^l ajJ I jl 4-ul i n-»Jl CjLJLajl!! 

CjLlL«_«JI oJ_& (Jjj-o (jl u^jju^j iconceptual level ^^iTIjjVJ ^j" m U ^^i^. 

tcjIojjj . /j_ou^aJI L^J j»J-2j (_yjJI «L<JVjuj-uVI «LlLu<JI (_jJI (Ji-jLjjj/ 4-ul i tuJI 
f_^ d_LuLA 3-ojJjla I ijJQJU JiJS (_gjJ! (jjlajl ^j^j-» ".~tl ^_a|jj ( j_o JlILa dUj 

«4_Lij_tuJ (_ 7 -*i^>- (j-« (_2-»L*j (^ajjj,!)) 

".(JlLa sLlsjSj 5-aj I < 1, sLlIVjuj-J 4-lLajlj 4-oLl2j t_-u nL>JI Lg-JJ (J-cajj JlSj 

.«<_jjL$Jj-£2 «L>-J.} 3jLo ( _ > iaj^Ji,l Sjlj^v «L>-j.}» 

(j_a «Lj^_«j cLaj 1 * a aJlst-" i uJ (jl ^ C I Ila '--VI ^ISjJl ^_«1^jJ (jS_4J L<iS 

'.(JILa CjLujI ^ys\j^a\ joi£. 
« vJaAI I (j_a p^j (j^jul)) 

IjjJilS (_£jj>-l 4jj_OJ 3-OjJjLA t _j]\ (_Lu3jiU 

(JS mm (jji«J! L^-lj-i "j (jl (jSLx-i aLc (J^v i~i j j La a 1 1 I j ■ • - uj ( _ T lI! jIj-l^jI » 
4-ulj ii"i nVl jl 4-JVj"ii nVl CjLlL«J(J! (j-o f-^-LlI I jus (_yi^. (j I taj La SjLcj 

Sjjukl «Uj transmission of propeties (_^aSI c^jJI J^j jl inheritance ((3jIj^JI» 

.(^I'.U.^VI *L^JJI «A£. ^ aJLJLi 

Heuristics ilAMftKI 

(_,_lII (Jjl i nil "LuljJ-l ^^ I iLa ,--VI ? L?jJ| jj_olj_J 4_uLuJI 2 o I nil jJl^ejJ 
aJX. dil jiJ ( _ T i«-lJ n_3j^JLA (^jjl^i- (_L^>- L$J (_>ujJ SjUJI (^ (_ 7 43 . LgJjLuJ 
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jjcliiuaUl clSULI (xjjuuUuUI p-uslioJIj l£I Will 

(Jjj^s^JI (jLxj^s ^1 l££.LjjI (.g-ijj (_j^!' 3.}Jl>JII Cj I aiajj I l j H a A \ i nl i u -5^>-J 

.JUT.,.«it < >» ty i) 

,pj|j iUa^ai j-uL JjlaJI (jJJ i^l t (5) jl^l».VI ^Jj *UO]VI £yl ^jj Jj}te 

^^JLl! (_p>i! Jjj-k l? iJl ^*"! jIj*" > -I (_5-3 « '■ j~-^-VI« ,JiL<uJj . L^>-Ljc_lI (jLxjIo z 

.i.i nL-La CL^hj fj^S jj lu U 1 (J^JI ^1 (^J^l 2 Sjj La 1 1 Jj^jjj aJlC 2JL». (^ 

^LSjJI /T_olj_> (j_<J_ci5 4_LJ<_LJ^ill CjV.}L*Jll (J^>0 (_ T jJI T?- '^-^' "J-*-i "^ 'j^J 

^^1 ;U,^VI s L£jJI ^-olj-i i aLuao ^1 symbolic integration ^gj-ojJI J-aLSill 
Ja-j ....*■ t 2 ^ .1 , ,. II 2 ^jj Utt i-,| .Vq I qK (_£>i-l (Ja- 2_2j^Ja ^Ir ojLil£.V 

*L£jJJ L-Laj. VL*_a gjj La uJI t_^j>J j-°!jj J*C mi~j .J_oL£LiJI 2 M o r 

(_yi S-LSLs-a 2 IS". J .^'ai JLjJ^tl! 2_3j^jt_o 2_2j^i3 J^JJ "^ 4j* !_,** I '^ iaVl 
cliVLiia-VI JJlC (jl La^jl '.(j-l j j i nt dltij iTtJjJa-iSJI jjj (j-o 2_ujla 2_Lvj_a 
1 1 g-jlc J-oL£ search ci^e-J «lj-^-l I j • a J j -r" . uj 2_>.jjJ I jl>- ^u^ 2_£_«J,I 

4_j_Lc . ' . i (_£ jjl Jj U ', t I £^£, (JjlSJI i_£_J-<-u <-2j-»J V l_LJT J-& ji.^/1 I il I nil J 

jl iplj JS i"i t «U (j^SjJLa Ij i inl ja^j'ii Lol < J » ta 3 CjISjjso Sj-^ll (J3J^.^UI 
^L^jJLi ^r* * J 3 " • " 1 1 ^^ • ,' -il " r I JL^j .4_Lc y-l La aal (JjJlJ^j V - j J z 
jt-oujj (_gl <Lc I Laj i "I j^Jlaj >LcjVI i -(jjiijjj Cjjjj_A < j I "j-,_, cLlWi aVI 
^LcjVI I jui I laj. lI^jj Ji^j . JlJ^JI (jjl i n'tVI (_*£.^UI ^j" i ii a (jjl Jjj^j^il 
mq'w «Lcjj_A 3jLLcJ,1 gy Ij la mil ^_al^_j t(l985) ^jiil » J ^ "" --"j *(J-*j ^ Lj ° 

.(a^lo 4LlLs CjLla »l iin nU (j\j£.^UI 

Knowledge Representation <M) j*4l J««ti< 

(Jjixj)) L^J (j! (_5 r ' Ltaa-VI /^_olj_i £>£. ,_,** ' "^ LaVI tlSjJI /j_olj_i i—aJUJeJ 
2_lIVj"ii nVI CjLlUjlIIj ^^jvjLiJI jsJUJI (j\j (JjLLaj ,jx. j-^ ^ j'a . « 2_3jjla1! 
aJlJ-"i i uj V 3^Lc 4^2 j i nn I JUfc 2_3jjiJ,| (JjIlaj (&4^ (^SLxjj .l_*j-uL>JL> 2_j^_ajJ| 
«LlIL1II 3Jl£.L2JI ( _ 7 jv^L«JI ^_)— ^-» ."."tl iy_alj_l Jl>- I a JlJ-"i i n_t Jl2^ . 4_l«j3j ljj-aj 
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tjclVhmUl clSSJI 

(jLa if Ijmaj 5-jJ • '■*?■ aVLi j < iliija i4_JLc fj^jjX\ aj\js>~ 3^vj.J C^JK til » 

.« l^jjLjjal jj-o (_5-ii-*j 4JL1 LjJa VLiIL>-l ijJLui 

(8) 
t_J lalu S-jJulSllI 7j_oljjJI (^ SJlcLSJI oJLA (]^c. j-iojilllj . LujJI < _* 1 nL>JI 

2_j_ilaj_l,l j^Ialj-cVI (j^_i 2Js}L»JI (jx. j-ujtll! SjJi/LLaj S^jj^ JjIjls. <ial_ijal 

J » aj Lo (_L>JI (_5-II 4_Lcojj *L2jjJa j 1 aaj (jl /^aUjjJI (_ji£- Ij^J- ' . '* "*^ 

.^LJa-uaVI *KjJI £-alj-> 
*_o (J_oL«JLll ^^Jl r-LLso ( _ 3 _j_LaJI (j^a-iac "."tl 5y_oljj jjf I Ajfc jj^a ^iliVlj 
«Lj^aj_a ^lal^cLS (id 1 i iiV"a (_^>-ji» jl ««Lo_jjnIa (_>>-jl» (_p-A 4_Lxj*_a CjL«^Lla 
<uajjj-o (_L^-jVI ojLjfc (jl /t-au^JI (_l!j Jj (ji JjV Lo i(_>iaJ^J,l (_L^-jV ^ a u as a 

Sji^vjJ,! 4jjL«JI im nL>JI /«Ijj (ji dJLi Vj .(^yij^J,! p i n-»J ^^i-VI ^Ij^vVL 

"2 j gj uJI *j ta all » S^jjla (j-° fj-*-" '■J ui tSjt^^ * (\M^ 
(ju aLl!I (J^a-ajl ^^ I "U ,^.VI jilS jJI ^_olj-> «l_b ^J-^ 3 j-i-*- 1 L° (*-*' lj-°J 
jlj^a .Sijjtil ojui aJlJ-"hh" (_,!!! mechanism <L>JL»Ji,l joiajj <t3jj<Ji,l SJlcLs 
-£Ljc_oj_jJI A i It l_ *HSj La Lai 1 2 a j J a a L^jjLlaj L^jVVjj i<t^tiialj S^jjlU 

j ' "^ (_ t jJi «L>Jijl1,1 fa la * «Lc^4j?e^ J^'Q^ '^"»-"t I ^_jjlI ^ gi3 t ■* L^a * ^ jJl 

(_L>-lj_a ( j_a 3_L>.j_o (_gi ^j-Sj 3JLv (_gi (^ JJLjso (_^JkJ i>j_<fc 3-3jJlJi.l jlj^ 
^_3 3Ja_S_iJI Jl^J jjjJi-i n . VLtS JVjCLjiVI (j\j!j^ (j^a (_gi (j^Slj JL^'-Jj-Jl 

.3j_LiiJI <ixiajVLi (_y3L>JI (JxtaAll 
(2jU w ~ j * 1 1 Jj^iAII L*U!i ^Ir j^i-I VLlo (_g^iill (Jjlstlll fv '^ J^JJ 

3Jd! Sj^iJJI ji£.lj^II (j-u Lla J i^aJI I jut Qi^iJ 'j^-^LijjJIj 3^jj>J,I SjLcLe 

/T_aUj_JI (jja «j^>JI dJJj (j1Jj-«LiiII oAjfc /^ 4Lt>- (_gi 4j;ej^5 JJLso ( _ T lII-Lo 

(j_a (jL£ lit Lo-L*_jJa 3_j_5_«Jl!I j c I j 2 il ^1 p^vjJL-jj^j (ji (jSL«j (_gJJI 
(_,_aj . V aI jlc I j-SJ I ojui 2 1 — \jt clJI L^JLi-jl *£l> aLus*. (_gi JljJjj (j£Ui,l 

tS-^3-2 L)L^ L*- 4 'L^ILlII joiaj (j£, dL^a^la SjjJiJJI JlcIj^JI (jSj j<sJ (^LcuJI 
jr_aUj_JI jjjju (_J Lauj (jl£ L*Ui (jV Ji£.lji!l ojui (Jj Jjuj ^Jjlaj Sj^jij^s ^tj 

.SjljJls. SjjJLI SjlclLs SiLial Ljjjf UK 4±KLi 
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jjcUiuaUl clSULI (xjjuuUuUI (tuja>[aoJ\$ l£I Will 

Jj-3jl!l ^Ir L^jjJi^ (_yi ^jg.Lxla lozI tKjJI ^oljjJ 4jljIjJI 2 o i nil JilajJ 

<t>-L>JI ci^j 3-aj}U! oLjLlJI j-j-o^j- j-3>i j*"^ ^L>. cr^ u-^ cffl "'LI <_L>J 

oJlj* ( _ 3 -3 ' . i j j La II » j t-~ , ,.j Vj j I Laj ill ' 7r o i nl 2 u,J^jjX\ 3JL>-j 3j_&L>- 
^JJ j_La_L2ajj Jl_l£|_1JLi I4I0 Jjii'ii mii u (_ylll (JjJUtlll JijLiJ j\ LaoJI 3JL>JI 

•5i>^ j>>2 iL*3l 

. ( jl_t3.2(| ^j^ » 1 ^_3 I j S La a> (JLftlbvl *_o Liljj^o (JJSl L^J^S jl iSjiJ^ j^lC 
i3-oj}L!l CjuLlJI ^-j-«->- ^->LlC. f- 4_lLojl1I LuLp. (_y3 CjIjI^JS JLJtjj La Ij_uSj 
LjLo>| cliUujJI (_pajtj <_iLtc (jaSja I 1 " S jlj SJI LLaa. (Jl aja-l J^_* /- jUjLij 
<_3jj_j V (_5JJI r-JUj-JI t_L^:V liUj JLxoj . * J ■ - "'< <Uf niLI SjgxLaJ 4-*jjJ 
JL3j ^ La sej JLS Cjl^jjJjj ^1 (Jj-ojjj (j! 'Lji^.J ^^ (_7^ Lt^' Jjljj^' ' lSJ-*-" 
. (j-L«jejJI (j-C- 4J (JJJJ 2j (^jjxal 3'jJ^' fciiP d^ ' ■ '1"*~ 

Conflicting Data <U jUttait talUlLJt 

4 1 '-~\ -^ L-LUJL I CjLjLijJI 4jq 1 11 1 La I Jl4^ i I uaju Ljj^ajtj w vii>Ljj _L£s CjuLu *_o 
till j 7c_u3jjj . » Uaa. a I (_>iaJU L^jojIiJ (_yill CjuLlJI l*1Jj diaLcujj L^J ( _ 3 _uu_j 
Lq_'i_i_l itdLa^v^La (jS-S-l iiiiA»> (_yJI r - "-J 1 I (j-o (Jj j- ^ t — x tH v Ly^LUI (JLlHI 
10 + (j_o aLsj^I 7-jIjJ13j . 4- T L- -i e- i -a (_JJ_a (_yi-C Qi-^'-^ J^ f*L*l («Sj-ll JjJ 
7t_iJt_co ^_lC ^jjjLiJI (jl i _ T JutJj) I 0- i _ T Jl t(l_«Lc_i 7r j-*- 1<-> ^j^jL^Jl ^ji i _ T Juuj) 

.(JaAILi I La >. j t jJs <_i j I (jl (j-uJL>JI LuK (_a (j^^lijj . (Sj-lLi 

(5+)^jL^,(j^ lij -I 

(3-)^jL^ M o^ iJl 

(lO+)^jLua l(j^ Ijj -2 

(10-) ^ jLus lj o^ lij 

(j^jljia ^j ^ a I " Jls-jj V (jSLIj lij-^' ( ' ) Lt^ ^ .'J ^ ' '""' ^ILla q\ ■ La >. N ' 
j_lC (jj« (J3^i L*-^ i^tlLa I Jjlj r- (JiLa CjJl>- (^Lj JLaS : d^tiialj (JVjCLjiV! 
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(j^SLjj (jLiiiajljiia O^iJJ (0 Cy 3 (jLJj-iL2JI J-^J • < -r ! "^ ^J^^- Ji""Htl 
I Ja 31 '"' ifJI ! it tjS^j .i-3j]Lo jj^ Jl>-Ij CjjSj ^^3 I i gjj ' a» (j! LcvlUujj/I 
(^lali. (jujjLill Jl>-I (jl Lol ijJv' J ' "*"' iJl>- ' L^i^-" "^ c>"t!^J '(^) Lr 3 ^iH" 3 
JLa_o Jljso La "Lj-SjJa jl LL>j_Jo jl j"i r VI ( _ 3 -3 Jii-Lj r«J 4-iV Lxjj i LaLu 
d U ^ y II ^a I Laj. liJLLA (jl jiukV I J-&J (_j->"-M J J i .. A~tl Laj ijjjjLiLlI (j-ulaj 
(_,lr 4LL1VL1 Ijl or (jia^l uJI I jui iJ^J '£*i (°^ M J' ' (j^ Jj>t " JLa-I O' l£' 
.7j_aLjjjJLj 3_3jjlI,I .jlj_a (^Lj x_a ^j a a I "_» V (_gjJI (j^jLHI 

The ability to learn (ftlanJI ^ic * ji^lf 

^IS jJu ^ i n"U liJjl i nil jjjL»_a Jl>-1 «s I l-^^xl ^j.* pU"<11 i _ 7 l^. SjJuLJI)) (JliX-l 
(j! i—ijajj .dJLiLcuJI f. Uaj. " I (j-o fl 'I flj i "» I 4j*-uj tljal (j-\_cu^o (_3-I| L^JpJ 

J LU I 11 (j-O LJJl^vJ Ut Lol_4J Oj-I^I JlXJ jLJJlil I Jufc LlS-Jo ^J 1_LjT \-J-tb (JL2j 

3j j_2JLj «iSLUI oju* * >° .'"j"'j • «^P^I <jj "* ' o' o^-^ (j-*-* t/i^ JJ^ lSJ-*-" 

J_t*3^lJlj I j| ,^^tlj ^Lui^l ^^a JjLilll i_alj nil i ..I 2^ I U" , u Lj /oiajJI (_,lr 
Jlj*_jj . 4 i i iil—i-ll j-J-C CiLaj I < II .M < j~ i nlj Cj LlojjuiJ I (_yJI CjLuj^sJI (j-o 

^jJLlI cjVL>JI JljJiaj (_,_£ 3_jj_,_j^3 ^ I ;U ,^VI P l£jJ| ^Ir (^a q^Ls-LJI 
l_«^ ./hjjwiIII I j/ a ■" uaj V (_yl!l JI^-VI i-L!Ij^Ij lj-jL>- I Jj' a /ajjjJjJI (J3^ 
(_pl_«JLll o>^-d lS^' 3^ -i ' "^ ' J ^' JL:>, ^ Lt 3 5-ij < i n 1 1 (j-o jJ-ill (j->"ij OJ^ 1 ^ 

Sjji^ (^ (_,.£. Li-La_caV I «L^JJI ^L>.Lj Jl>-jj . Utjj*-ca "j^l cr 3 analogy 
(jl dlli lijUil Sitsj 3J£L.ia 3_ujjLiII julL oLo^Ldl jL«jlijjl ^^k: (jLuJV! 

Uj-tb SJljJlC ( _ > l3lj^.l ( _ T 3 IjLjLia «QLl>- (_yjJlj iUj uLJell diSL^JI Cjlj_uji,l £y> 

5_JI< uiVlj . »l j iSiVl (jl j i .I 'i *jlc fjlc j^La-^yJLoJVI Ji«JI i_a>Utj-4Jl 
^yji jljinitl ^yk: (jLjuVI SjJLS (jl u-tt, (Jr £.\ ;U.^.Vt ft l^jJ| ^Lo| 3 ^ j^ U 1 1 
(jlj i n't (_jlr j^LS (jl i ii WLa ./oJjuJI (_jlr SJjL^JI Sjjiill d j La «" ( _ 7 jJI JjJi^tllLj 
- 1 * i La j<s_iii j_& La (- I C j_LS^liI-3_aL^JI J-;LC. 3j_uSL!I (Jjj^sLijJI ( _ t jj/L(J jl 
•x ' < ^ ~ j .«L>-L>J1 jJt£. (Jj KtLaHjl QjJb 9-\j>-jIu-u\ Ll^^jl (j-oiu (_^b x-lLsILcuJJ 
j-ujuJI (_,lr Ij^l^ 4ijL3- fj^ aj£jua /oJjilII (_jlr Sjji^ c-u nL>JI » Ua£. I 2K mi a 

( JT jJIj» 3_oL^JI ^>^ (3jLl>J1j (i L&^Sjijj (jl i-cu (_ 7 ^II» 3-oL^JI (jSlisJI (j\j 

i tut-da «LLi2j «Lt_Lt_« ^_kaj «L^>-j (j_a j^uju (jl (jS-4-i L« (jl .« Lfel mi) (jl (jS-4-i 
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jjcliiuaUl c&kD (xjjuuUuUI p-uslioJIj l£I Will 

(jl ./o 1 1" tl (_, I f 3_LSLgJ1 (jLuiJVI 3jJ3 j J '^ a 3iii>JI (^ jj* (jl 1 njVI (^ 
l a .lq- > - L$_LJJ\^tJ (j_a Jl JlJ (J3_lUL>ij1 (j_a «Lc^_4J?e_a (_£J\jt_a ^a^L^r" ( ul ^ J7 -^- SjJuLJI 
V «L£jJI (jl . (jl 1 n i^Ll 2 jk.ll SjJill (_Lal^£. (j-a 3Jl>-Ij (jr ^l Sj^ljdl (_y3 
(j_o dJLJj (j2 IJl-j-»- «(Jlj_<-u (jj^ iSuJU 4jj>J «L-ujLx-a (^^ SjjLaJI I JjI l _ 7 J-*i 

jLaju «Ujjj (jl jj^-i Laj tin nL>JI I j j 1 iuSj (jl (jSL«j (j^I' t - J ljUjil (J^" 1 ' 

3 lS-(_g lj-^3 a J "■ Jj I juij . 2_3j_»J,l (jl^ii-l j_& (j ih! » La 2 1 1 J sl^jJI (jl jj* Lui 

JlSj .database crjLJl_<_JI j^cljjs *-alj_u ^ I ;U.^»VI ? L£jJI »| Jr aLiIaI 

(_y^ L_J-!L>- 5-ojLa-"i 1 11 tl (jjJaJlj /tjiLcJll j j '"» (jjijjj Cj Laj U tl »l air Ijj 

3_JVjl1<j<VI iiiljjJill JUoV. LJL>. qj <}■»■" j;j cjUL-JI jjtljja 2_^JL*-aj *l_b 

Lillje_a lj^e_> j^e_b ^^ I 'U ,^.VI ? lS jjl <±^-u (jl jjj^ajlj . j&^^t-aljj (_y3 
4_itLiJe-a 4jjj^Iaj CjuLlJI (jjJtJ >4^ CjuL-JI JlcIjJS «Lb (j ^ f'J-^i LaJii^. 
3_jJLLa-iJ,l CjLJ3^L»JI (j 11 1 ul (_j-Lc CjuLlAI 'LfloXi aJ (_j-i-JJ tixJJeJ SjljJI ( j_ a 

. JjLaillj 3j^£LaJ|j 

lj_iiiS j_uj (^gjj^o'll J'^^ll Ijui (_y3 LjJjLcjLj-u (_^JI ">j_ji-2l cLta-SJu I a 
•.(_,JLlJI (Jlj 1 nil (_y3 3^->" Lj-^J (jjcLlIoj^VI «L£jJI (_jIcvLj (J1J (JjLsJI (j-o 
(jl 1 ujVI I (j » jjj (_ylll 3 QJJ laJI ,_,** I lla .^»VI tL^jJI 7V°'j-^ (_^L><-> D' S'?^ J-* 
2 jl J 'tl ^3 Tj-aLJjJI J-cojij ULU /o^3 V 2 djj LaJI q\ ^1 S (JjI i oil (_L-»- (_y3 

4_ijiia (jja cLia^o (_t^- Jlajj>3 (JljjoJI I JJb (_yi^. (jLtujV I 3_iL>-l (jl j' i"'lj 
(J < "1 i"i I LoJ-lC (_j_<jiL<j/2| Ll^jLji jjk La .(_jjLltl (JIJjjJu I j'"* j-lxi lO^*"' 
in nL>JI (j^a 'I axi "VI a! (_yjl 1 n'tVI tl^jJI •" j' a j ifc J-A '^^ I 'U.-^VI ^l^jJLi 
(J I a i n 11 (j_a (Jj^l 1 (3 ' 'ill JLJ^ 6 - 1 (j-a (jl Tc-Usl^Jl (j-aj SCj Laj U 1,1 «L>jL«_a iJr 2 

CLlSZ-x1\ p-J_l J-jl "hi uj .(^LiJI (JljjjJI (j^ (Jj^l (j-lilJI I ''-J' Jl iVjl II (JjVJ 

. LI i^SJl ojui (j-a cLa^axj (_gj^ j'v 1S1J /^c I tla LaZI «LS JJI (<sJLc 4_i j»o^J (^ JJI 
Jjjj till j (j^Jj ' I J 1 J^t (_gjjj_^3 Jaj_»i La <Ul»C 3LsL;tA (jl I Juk /j '*J Vj 
. LjjLJT (Jjj^Lu 2_<j,|jj . l/» LujJi^ (j-a Jtj^LlILi 
L-u'i/l i_2Jl^JI (_yJI SjiaJJI (_y3 i_2^lli.^U Lbtj-cbjJ (j-a -i J qj V? i_x^cjj 
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^L^V! Jkill SKUJ. e-uSS ^1 £-tj-JI jl cycLlL.^Vl f l£jd! 
Vj !(_, aUII cu^g-Al Lajui (j^j («-! oj^-j «_iiILs . L$J «_ij V (jlj uijuJuz 

4_a-jL9 /TLjfcLiJ,! Ojufc (jl JiQll tj/JS J-J^J 'f-f^ C7-*^' Li^t-JI /tjfcLLo JJt^eJ (jl 

.2 n~"\\ iall * 1 _i*^? 1 3«La£ 7"j-k (JjJS 2 ajl i ii 2jolr (j hi ni f_j\r 
CLl>-j1s (_yll! 2 I'll n^/l ^^3 Jj'i/I jLjii-VI *_a (j^-y M^-" ''- )Ljk Lr^ LjjtSj-oj 

(Jlj i ii 11 j-j-Ij Lx-« (_j_iLjijV! slSJJl < j^t ^< i nil j-Aj i«lSjLjJI *j 2 a 1 1 ^a 
- j a j V Lijf «_o ^1 m'tVl i-dj 1 1 ii II 3l£L=e-o ^ J^slj jjl LI ' "6 : (jr ILU! 

Sj mm II i_3^ili.Lj I afcJeJ liJjl i nil I jjt (ji LSIj^l *_aj L#J JjWU ( _ 7 jJI 2 Sjj-kJI 
( _ r ^ (jjjLjJI I j » _■"_' V (_jjJI 3j-^' o'~*! Cf^i (1>^ L - ^J-*- 1 0' Li.'c^.a_i 4JI J_u 
j tv.'.l'a .CjVLaIL».VI t_y**i l\ tuuu nl (_,lr l,LLfls L)Jl£.I i uja i i aJ3 Ijj, I (j-o JjJjlII 
Ssl^JS (_jJI T-LlseJ V LiJI Tciia^aJI (j-a .((2_ul i ii'i^I 2JLLII - j'a« 2JLijlA ^1 ^lilo 
(jl LJJ (jA_a_i ^JLjJuj . 1 ^ t j o < >> ^ ^ ^ * ct^^ Cjl^_a 3JlC La 3jLi£. pi o i n ji 
V 4JL> (_£jil]| (_yaJiJI ^yk: f}LLVI jl^J (j^Lc ^U^-»J ^-aLiJJ L?l uM- t*&-=^ 

z LLiI I ■v.ji ^jloljJI (j_°j .2jjjti!l -U-lo-t-U (j-^-^Ij^j ' "II ^-SI^II (j^. j-^ 

^VjJI (J-cbtill (^ pj Mil (OJ Vjf i—ilj^.'i/l SjjjtJu «Lijj La 2Jj^v -i j'a ?JljJ 

2JUj>JI <_jlj^.l (JULag (jl (_yJI (JjVjJI J^ j_uiu3j . La>LuL^ ^1 J uaj ^ LgJ 

(_£j_»_LII (JjIscjJI py_aljj (JL3 ^LlIuj njLlaj^LLaj (jLLajjj_a LgjJV^ j; i majj 

(j\jl_a> (ji_i J La^Ji (_5-Lc i " ' J -1 ""•* 1 ^^lllj i3j_ji-2l SjILaJI ^^3 CjjLj< ( _ 7 jJI 

(j'i/ (jCllLo,*] I (j^j <"■! Lai L^Jij 3JLLJ1 "j a (^ LtSjia {j£. j-*j£ V (jCu.lo.tJ I 

. q\ 1 n'tVI J»\' La^ (jOjiaj(JI TrLa-^l (j-^- ^^J-^' c?^ J(j i ni (jL? till j 

i—ijLaJlII jljLiJj Introspection (jl La •" m^ I (jSLaj «uLa j^-I <- r ^'-^ 6-°J 

(j£Laj La^. 4-a^La CjLajU <i_i uJlX-1 (jl jlji^l u^C- (JjhAIjI »l air L^jjjcj ct-'J' 
r"jjej ^1 (jSLaj CjLvI"'"! 1 nl (_gl (j^.J , 21j j , ,,^1 4j ■ U A" -» j ^j ^jLcujVI Jiitll 
«_al 1 11 II jl l^j \ n\\ CjLjl^^j (_glj i)> a i nj Jl Ij-Sj La-« (^LtujVI (_Li«JI L^J 

Jlj* (_p_a JT-jLLl (j-\_l 4_flJJJ 2^^Lc (_5-CJ-i3 Cj^J ! I ^jU-^. (j-LjJJ Lgjij ! Jijj 

.2jjVjil<j<VI CjLjiaj(JI o'jJt (_^L>o ^ylll ^alj_Jlj i_jjUtl!l 

(j^. L^jb I (jg in-sj ^jXz. (^liUi^Vt *L^JJI j-aljj 3ja^ 0^ 'j^P-^J 

4-ajLj?-" i nil «L^ajjJ1 /ciiaJ «La^>La (^JlA ^^- J^>- ^-^"J-a ^J aLujI JjjjJa 
(j£ ^alj_JI j>JLfl> J ,~<i'°i (jl La^ .(jli.i'tVI (JjJ 2jJVJl1<_ u VI i^jLiajJI SL^UJ. 
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jjcliiuaUl c&kD (xjjuuUuUI p-uslioJIj l£I Will 

jji LiSLa .(jjl i aJVI Jj U ' 1 1 1 L^j 5_l!Vj"u nVl 4_lL«-»-JI _>Libj *j^. (_j-<-»j («1*jJI 

4-IjjxjJI I J i a a> '" joJ ULLLs 2^j LaJul tlamaj pjl . n"ll j o" i uj ia^LiJI ^^3 f-p-° 

.3_lUjJ| 

#L^jJI ■-«! £; La-j S^tj-a jl j-f^V J-o!jJ 2jb£ (j-a JjV <bV (jr^l t_<-<-ub>JI 
interactive 3-j-Lc.bij o>^-j jlj Jj^ j^olj-i!! eJJt> q*$ Ij-LaJj ,_,** I ",U,^VI 
<bb£ (jJI 3^vL>JI (jl Li£ .3jlr Lij Jujcajj cjL*J jjjk>~ u^ L*i!i *uib-u ' *'« 

(_yic- J-^JJ _>tH^ *" O^ J"*^* ' wH-*-^J J>^ ? _a J^-^^3 J J SJjLS /^.aljj 

(jiaiXI fsJLc (j-o 3jLiLcuJi,l (jjjjijjJI CjJlcLj JLSj •<*'- c - (J^ '"',' <: ^ = - J-p' a JT3'" 
3-LaJLJ J'C ni Lx-a iS-JVjCL-uVI CjLlUjJ! formalization «Gjj_ca jjj^~ uJ^- 
«Ui»J ^^1 ".U.^VI sl^jJI »Ulr JlS^Lc: (jl b»£ iCjLlUjiJI aJJt Jj1«jJ 2b I J-i 
i bbiiZJ! (j-o^-uS j_^ j&^^bii-l (j^a /ai.jJb 4jjLcujVI dJiill -i fraJ 5ujj_>_ii3 djlll 
■ ^.^ItAjj. .I ,^r-"-}\j u ..*;\\ ^biLuiJliLa^Lc. ^ I '.U.^VI 4 L£jJI ^bjlt! (jl bi£ 
^L^jJI (jl-1 (Ji-ljCil! i (j_J.}J_> CjJ^vjbs cJjbj JiJSj Sta-mlaJlj »l ■'•"* ^1 
(^Ji-L^ill L#jb£ (_y3 (3^^' (J^bell! *-oj (Jj-i^aillb <»>bJI Ct^^J i_,** I ",U ,^VI 

.^bk^,VI s KjJ! ^ 

3^jLs 3j<i frl ^*~ I 'U ,^VI s l^jJ| *\r (_y3 2 i nj'ij CjVba-a 4j^Lj ( . i n"Ci 

4_lJ| in'tVI SJiill - j a interpreting images, cjbujJ,l j_u^iij :<j-&j Ab'i/I ojuk 

((CjbiJjJ,! j-j ■ '"- 1 "') (Jj^l pjj^DjJ,! r-bjcj ./nU'itl j3ji3j iSj-iaiJI ^ i La »Vlj 
I Jlj* » ajj i3_cob>JI ^ " j -»■ j Laj <i£jja <ll (j'i/ «Gl jj t_ib^ 4J ^iu (jl ^\ 
IJl^_i <ly o ~ j 1 1 *lj_2JI «_jvj_ij it_ibiSL!l ljui i_iJJ^ (_^ol i^aqa-l 3'-^ J TTJ^*" 
t_jblSLII ljuk (j_o JjVl tixiitl Jjbuj . oljj jl lS-s'jJ (j-JJ fj-cbjll 

aLjJlU 5u3-b>JI Jj-»- (^bJI (±J!iJI jjJj biJLu i5-ul i n'l^fl 3JLLII -j a 2j'^a 
(JjbijijJI I—ljJlJ j_3jJ13 (_jJbJbj 2l3jjlI,I jlj^ fS^-aJ 4-i>.LlZLi »V1 CjbJLwiJb 
j_Aj 3j-j_iJ»JI 2 »LajVb i _ysusgjjj i±JbJI «j^>JI bal iSlSjjlLI (JjiLjlI Suaj^UI 
^yzj * '< i uj • Cj ba^ LtXI 4_j_Laj iJJ ^ °JJ>^ r^\ lS-^J ^"' ^ •'•^** t (_^ cr^ p^-^J-* 
q£. lilijLsr'ii n Lo ic-u nb>JI 5_Ull i ii<i_i jajjjilll (_y3 Sj_iiKjl 4-a-La i| j" » biaji 
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tjclVhmUl *lSiJI 



Sj la * j c_iLlSL!l jojIjcjj ijlSLaal oju* tcj-l^jjJ ^JiLoal (j-o jjjl«JI ^ u.~, , ,,j 
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$fc\^\$ ^^ft 



(_Jj-j_)a 3j_)L^e_aa 4_*_u3la 4J Leo.! I jjj*. Cj laJaa- (ja^JJ fc^p- 4jJljJlSjJI i i_i_ul_>JI ^_alj_! i__3^L>- ( I) 

4_uLlu-->JI oLAcaJI ^ajtfl -*1^jJI ,j-a IjjJa l-J La2J (-.(-mL^JI SJaAj] f-j-c.^ <j' J>^' . jU" ,,.'> (2) 

,2>Sj_9 iplSjul jj_a 'j->-9 (jLojj VI jj_a i ■ 1 LaZtJ aL9j' 3JlC ■ La i uaj ^ ^-Ij^&j_i_uI a <Lq.j-u.fla t ij-uaa ?«-<^>- (j- 

4_3_aj_*_a_a. 4_5e_ual_5 i " 1 1 j La ^ LgJ £)> ^f I iU ,^-.VI ^l^jjl 1_£j>JL*j tJ jJi dU.ViVI ^H? Ljj-U JjvaII 

. 6«sJfc-jjJ,l) . 4_Jj (Jjlojjj La jJ>p ^1 T'J-"' g J ™ ' "J £)' UJ- 1 Cr^l J^- " ^ 1 - r '-'-"L>JI I ^ » pJ 

tPJI cjVUi^VI jj_c ol u '^ Uj 'i^tUiVl glki^X L JISL.VI jj^ JL^UV! La JjL*: (3) 

- 1 ^ j 3 j_Ia_(JI jf 1 ;; \\ •<?. ...I tJT ic ^jJVI ^.-.-ul-jJ \j jjLoJVl 3jJ-9 (j-° j-uS-i j-^T L^2 j La ill i_iJcj 

AJ-Sj t<£jj>- (j^- 1 *-*-^ (j^'J^** •»*->■' jJ' J?-^' (j-^ [T 'J Jtittfl CjISw>- dilj-a JJlC ■ la i a iaj ^ f-L) (4) 

JJlC q'\ I jut tJ -L»Jj ;el*U^i J£ 4_^ dJj_sejJ (jl O^-* 3-1 ^Lj*^' (JL^^- 3 ^Luij t4Sjj>- 0"^-*JjiJ <_-t£.V J£ 

L>u l (3 (j^l 10) = 40 L>o l(l0 L>o l 2) = 80^1 (5^12) = 80^1 30 jlxI^I j^jJI ^ oVUl^V! 

.120^1 10-40 

(5) Polya, G. (1954), How to solve it, a new aspect of math, ematical method. Princeton, Princeton 
University Press. 

(6) Dreyfus H L.f 1972) What computers can't do: a critique of artificial reason New York Hater & Row 

' '~J "_3 'J'J^ -1 l-tToJj aJj (j^-*- 0*- < - u - ) ' L&^-J- 3 -*- 3 (*J (t*Ji 4_jjLuj21 diLiiJl (_j& 4jJij_daJI CjLiUl (7) 

CliLij jj-^- cJaliSBJ (j5-*3 L&j_ic.a 4jJ^iJl>iJ 2 la 4jjUL Jl a 4_jjj_*j! CjuuljI^ i ) j.<- JoJ I Oljja CjljLuajej 

. (ajvjjJ.1) , 4jljjuj i _^lj^.2 Cnuu^a e^ _3-'- ! '>^-'- ^''_9 4-*_aj_Jl 

cjLiJ j^-aj ' """'jJ-; * '^ lHJ-^P' j*-*-^"' ■"" cr^' ^*-cj_JI cjUJ (^ LjjjJI t^r.iU-JI cjLiJ (8) 

aJ^Jb A-JL-^Ji-i-uJa (j'j-^J^J dLuaij JISLi-uLj (Jj-a « Ltlc » 4^e_aj_! CjLiJ pj q l^j (J-j-3 j-JaSl 4je_aj_Jl 

. (/<u»-jjJ.I)directory, if then, save, type, print tj!u 4jj_lL>oV1 4iill o- 3 4^jJL-a CjUJ£ CjUUI 

jJ-^J 4_3aj_*_a (^J-* 3 J' (J-»LS». t _jSLtIu ^-3 aJJ^Je-a CjLaal«_a 1 1 jM< CjLaaltJ.I ^j- 3 (j^-J- 3 ^L-Lffc (9) 

t _j| jJ-LtsjJjJI 4_S_jjJi3 a I t « (j I J j-i-uJ I gLc-j^aLc Ajlaj_>Jl » ^JILa t ijSJI ^3 Jl>-I^jj jj' tlA - * -1 ^ (J->u-u-U 

d J '^ "*" 3' <Sj-^** ^JiJ jj- 3 O^ -1 ^- <i — ^J-^ 4_aj^UI di La^a.l<J, I Lt^jjLJa tAL^;21 {jjz JJlC ■ la 1 »j" ^ 

. (/«jv jjj, I ) . ^j^ uajeltJ I d) I j-^>* a I 3 Lf->J I Cj 1 >13> 

(10) Winograd, T. (1972), Understanding natural language, Edinburgh, Edinburgh University Press. 

(1 1) Boden, M.. (1977), Artificial intelligence and natural man, New York, Basic Books. 

( 1 2) Brady, M. ( 1 983-), Computational approach to image understanding", ACM Computing surveys. 
Vol. 14, pp. 3-71. 

(13) Pratt, W. (1978), Digital image processing. New York, Wiley. 
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i a I " je a 7c_j_Lisjj (^1 J-ua-dJl lAjfc ^^^ i_2Jl$j 
LiiLiill ^43» c^>o rjAJ3 (jl (3$Uj (_J<JI 2U iViVt 

• »^**| Jal mi it I <Jjo 1 Hi (jl (jS-X-i La L^-ljtj i«4j*jjlaJI 
J c I agj 3jLc 4.JI jl mi_i La jjij utilitarian activity 
man machine interaction (MMI) 3JVI *_a jl ,„ jVI 
illj 1 1 11 II - J a J.£l mi <n Jal mi i tl I Jlj* fj^aasej Vj 

jl I II iVl (j^_J Jl '^"' *l J.SI Ml <1 J Lj-llj '(j-" 1 11 iVI 

Ij^jfc (J_tj>o (jl J-J^-i (j^e— L3 ' • 1 " 3c 3 iii nL>Jlj 

v2jL«Jl!I ^1 jjiLj La t-jj-a! 3JLLj jjju Jl .^.~VI 

5jl LaacJ 3 La jji 1 1 CjLilll dJJj dlt jj ( _ t Jjuj i3.UL.ulaJ I 

3 j ni'tj-flJtj 3j)_lL>j)M cjUlJJK jLuJVI SLsLSjj 

£L>-LbtJ La (jl . JHI J_hi 11 (_,!£• 4_ujj(Jlj 4-oLu-u^lj 
LjjJl 111 nL>JI 4Jl1j CjLilLII ajut JlLa tj-u j 1 ua> jjt 

LI*] I Sj^jJI cjUJ t Lb jL£ jjaj . 3J^| l-^Lu ^pll 

*L_a1^_u1 /Q_^^_lLa ^ la 1 u| aj Lujjl i lj_uL>J1 «L*J (^l 

Vj .oLsoVI I jJt, ^ (^j^t SjIajJI ^yji-compiler 
(j_fl j 1 11 J? j_& L_j-L«JI 3^c_aj_JI CjlJLt jl dJLi 

l^Ll! lilJj j_a J_Lk3 Lflil VI i^LtTJIj Jl <!»",, iVI 

Lot 1* Lufc I j j -<- I j j /Jill 3_lIK miVIj 3-i£ I ita Lai 
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tjclVhmUl *lSiJI 

CjlJLt (_JJl>-I <sJL*jJ j La i a ' (jl (jjjjj 4j»jjW dl_n iijj 3JVI «_a jjLxjj (jl Jijj 
La 4_<i^pJ La «L2j^Ja J^>o (jl I— LxJ.^. (j^-«JJ <— SJl^JI ljui (j-iSjejJj . «Lx-aj_JI 
-4j£jJaJ| (JL>- .5 2 1 CjLLue-a 3Ja i uljj-cLuiuIa.il «Qili c-u nL>JI aJlJt" i no 4l>- Jj 
^1 jA~. ...VI ^1 ^Lisej La Ij^a . <U 4->Ui-uVI j 4 i j« 3J>U <j£Uj J£Li j^JI 
(jJI ^llLo r-LltJ 1 o3 ii^i nL>Jlj CjLaymi 3JlC.L9 ^1 p^>.jJLj La ft(j-ifu (jx. 

:^bil£Jlj^;LU.J 

•.^Lill jj*_lII (_ji^. (JIJ-cuJI I ju* «L>^>-^3 (jSL«jj 

(£n 'lull * (J\J,I» t«0 IS N-iLa tSj q ( n (j^>- 4£ \_*Ij — (Wj3 (J-<^. * t>-Lx^3» /v*j jj 

(^JJIj (jj, jlj^Vl J£ S^Sjjta jjjj Lul d-taUll ojui (jyJjtJj (1000 < (j^S 

(j a ' a I flu M jl^ > o.ia <"m o < n (j o->- ojfc ^J o c t t>.Lca J?-^ (j l9 ' ^ * * U [j ~J rt C 5 -^ 

3JjL«J,l ojui (JSLi jLp^.1 (jS_«jj .4_l1>- i_aVl *j uic j^c Jj_)^ HJi-^- W-L>-° 

2L5c_aj_J| i^jLilt (jilxj ^pJI .-.IjUA-tl ^ 31,, ilt mi aIj^H 2J>U v2jU-lL»^ 
j^cljjjj sL»-jJ} ct-"-" i~<Ij! ,,.*", ,,M t .jLcu r-jajj-i JIJjjiJI Ijtjfca . L^j aLloJI 
(j_o (jlj i n II IJlj* (_p_o (Jjj^soj . L$-La CjLajlta y-ljja-"u ul i_2Jl$j Cj La jIjlL I 
5jLg.l flj (JjJLaj 3JV.J <l! (JjSj J*C mi (_jJI <Lul 1 n'tVl SJtilLi 2 J » J • La II 4jjj-i-a 
<S j 1 11 (jj^>-» (jl i_ljjjj ill Laj U 1, 1 3ji£.L9 (jl ,_p3^iaj iuu iiLsJLi Cj Laj U 1, 1 
aJlj>" i ul 4£^_*Iuj1 i>J_A (jlj t(^iILa i ^ U j ^ ^c-i-ol (j-u_jjj) 4S^Ij ^j_u1 j_A «a\£juluj 

JJLc jl ^_^_Li j L_L»_i (j-u-jjj 'j? * la a 1 1 * VJjfc t tjljj-i (jj o"^ rt Lblj i £j\ * la a a 

/c^jjl jlj JJ_)-* (ji^' (j^fllajJ,! * Vj^i (jjjil^A (jj*-i-jii£l S^ Ja-(Jj i ^iio ^JLila I 

.(jr^o Jj>. (j^. 

(j^_«j L$-i2 i3j_&l_i jt_jLLi «lI (Jj-SLj (jl 4_Li2jJI ojui a I jiir'u hV (jSL«jj 
(j_o j-j-^S jJ^S jij-^-j-i (_j^»-jj (_,<jjU jl^>- (_y3 (J^i-jJI (j^ 3J Vlj (jLcuj^il 

(jLtujVI (_J£.Lij (JL^o (_y3 4a L4 Cjlj^iaj f-^aj-i (jl Ltlj ' I i J Lu (JjLpJ.1 (tt^dJI 

.3-o.iLi!! v^jIjJjJI ^ 3JVI «_a 
sLlsj-uLj-u La jji ((4-jjt-uiaJI CjLiill (0^2» cl^j>o r-jjoj (_ylll 4Ja ". »VI (^UJ 
La SjLi^. C^jLS liil La jji Lui (_, i n.pj-11 (JIJ-"Jlj . /— Sia-lX I jl (_gjjti!l Jal iVill 
3JLLI1 i\ olr r-j^ JLSj .3-La^jJI SLpJI (^ ^Lt3 LgJjJS (j£LajJ LjjJ>-I Sjtjjej^j 
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jjjlgnll \josu 

La Ijui (JiLfljJ iCjIjLjJ(JIj (Jju>JI ojui ( _ T 3 4-lljJLll j_<j/ (jx. (Jjl ' "~A\ («J '(«-^-! 

^yJ! ojj la '_' La£ -Le galistic aspect ^^JjJLaJI i_jL>JI 4 Ac- jtU\ (jf (jSL«j 
i3_iJLaljl!l jl 3_i£jj(J,I I j.A'ilU.jt jl ,-,<- I j_gi ^jj M 3j , ,. ^ Lil_i£ L&jLlcLi 3-*l!l 

(_,_Lc JiSI (_£ j-ll ((_,*•> '" aj i"i~ f^J-O "Ajk J ]ri'A\ 4^>.^J (jjjjjj.1 jjJl (j- ^ 
(jl i ii tVl 4_a-jjejj '^J-'y o' O^-*- 1 " LTV l£' frl-iVlj StLiSLJI (j-u J\jL«jJI 
(_>^aJ Li-iliJ ! «L-ulj.} (jS-«-! «U| (_yS, i ii aj^Iij I flj XJJ . ^LilS "iJj-aJ La (j-UJ i Hi>ksJ 

jiljuk^uVI L$j «jj (j^J! ^ijSLII ^1 f-^j-jJ! oj- 5 ^-iU 3jKmiIIj 4-l^LjjJI 

(^JJJI £UJ_ui!l i\ <i\c oLsolj oLsoVI \jJt (j^_i jlj^vjjjj (jjLajj .mJjJiIII 
uK i ii aj^Iij -l"'JJJ • jl j~rf VI (_y3 ijJlSH>-VI 4-iLa-C JL>.| (jj.i IS-oISLlU (Jjj-ujJj 
jj_aj_tl al t\">l jo^^o t_^jl\ ijjjj^ill JlcIjJLII *> i la ' I -l mJ| i ngj j LaJ I ^c_Ju 
JjJl^>o ^1 ^jSL^aj m"i (_,« hi JJSj .arrangements of basic symbols SjiiiLmVI 
I j <»j «j j_&j Sjij^ca icjjjjaji^ universal grammar 3_<i£L!l tLaJ^I Tca^La 

(JSJ (J^ajl Laa^Jt a (j n < n^l (j^^sj (_^iJl J^lj-iljlj Joj)j_t2uJ 1 J (j-ol^JLlI (j_a f* ' *a IS 

i jai«lll SJLlLi L^j/ol^j^^l!! sUtJ^I (jl ( _ 7 £Lmaj mi" j-Sjj . 5-ul i n'lVI oLtill 

-S-iKJI «LstjVI Mj!-3-aL»JI i^jLdl (j-a (jjtJ_u (jJJJI J-^i! Lg-jL*j (j£U-i Vj 
^^j. jJj_lJ I jL^jsJI (j-a \f-\z* mJi innate 3Jijijj_a ,_ S, • •■ aj •"■" L<fcj_ji*j cy-^'j 

(_yJ-ll ^La-isl pjj (j^iiil (j-a (j^Sj (jl Jjii>JU j^lC (j-a 4JLs IJl^Jj . (jLtuJ^U 

.(JjU>J!j CjIjLulII (J^LxJ (_y3 ^Lt3 L^-ajLJ-"i i n't 
(_>ii^jj it_jLlSJI Ijufc (_y3 ''JJjl O' (Jjt-^-L"! lS 1 -^' J-*J i4Ja "■«»! i±Juj 
(_j-u(-a-i-2 1 o •> II <Ua=Ja i -■ T1 3_l1l!I (ji_i 2 ■>■«! A j_j^. 2jjIj 2^^L«J .U , ..^.1 1 jaiijJI 
J_a^>JI (Ji^J ^1 1 K II J-jLljJ pi a K II (j>^ '-Al?- 51 ^ (jt^^' fjbjJI 
tilli (j-uSLc: (jyl^J .SJUjsJI ojui 3JVj J-*j»o ^ylll 4iL4-«JI 4_l1JIj-i2jIjU«JIj 

inferential 5-JVj" mVI oI_J_<jjJI (jl (^ Lufc 5 JitUI jJiJJI 3-^>-j J5-<uj 
js-^a (jlj i<_>-aj j! 3_La^v mj! pLu-u jl 3*ljJa -5>==-aj L*jj-i t_jJ3 processes 

i_iA> (_y^ -J—*- 1 ^ij^-" lS ' (^4^ (1^ O - ^^" Cr^ ' "i"'->' V «LjjjujI ^j^j .^*tl 
.(J_l^ (j_a sLSjju l_Q La (J£Ll I flJLuU i " ' (_yjJI Cj La j Lt-aJJ I 'i J" J-^Lb (jl_L>-2l 

(_y3 MjjjijjsJI jjjJLi (j-ujJ «l_iSLIj i Ijjj syntax a^ISLII i_xj^IjJJ (jl aSjII (j-aj 

:<j\iL-vj^ (^1 2 U-a-ll I 'ij' a -i ulSj V -Xj^QILj (j^tjj . S-ULjialaJ I CjLiiil -" j a 
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. LgJ LJVj }LlUo <LuLitl » -^"j isyntactic tree t_jlj^.VI 3>2=-<i Qi^ crls^' 

j ^ ' "■ Jt " I ^t i n t ^jJl JljL>-^j1 ^_A 4_jjlj_lLij1 CjLJlUI -" ^flj jj * -~>" 1 1 \jjt jJILa ^jl 

* LLi-^^-^ Ull (_^ (jL^ L^-Lia i_3Jl^JI u-ujJj iS-u^UI LoLc j_i£. 3^ujiiJI 

(_yj-J! LjJSj-Ia (_p3j_cj j j 1 " flj (Jj id-SjjJa (_£Lj <LiJL.LiLaJ I CjLiill fi^-aJ /t_oljj 
Lo iO-M-m ^_olj_i ^ La 1 ulj ' L&jjILJiJ joj -" J a 1 1 CjLjj_Laj » La I (jj*-^ 

3_u! jJ! UILtal jijjij jLo^VI ^ jjj jl>J ^jLuJ^I jjis (j^^ '-'j^.t 'J-aLJ 

4 < j 1 11 (_j.ll "Lut-uiaJ I CjLill (j --> 1 a *- 1 1 j c-jLjSJI (j-o sj^>JI Ijufc -1 1 iJLJJj 

CjVjL>J,I <±JLjJI (J^LQ-aJI 1 k-La-jj .CjLjlJJI ojui JlLa «jo^2» £ L>-j-i (OJj-SjJ 
*ljj>- 2 UL>L-u C^aJLa-" 1 nl (_yl!l (Jj-^'j ^J « 1 «L«j».^iLI (3j^i!lJi,l j-±£-) ^^zl 

,i (j_uL>J1 jt_a t/. at-uiajl jl^j>J1 ^Jl tl)^S_j La * ij^\ tj\^>- 

CjIjLj-C J j I as "1 1 CjjjS (_ylll ^J^l ^-olj_JI *-j!jJI J LaAJI ^^ (JjLujj 
HjLp.'i/l - La » " (J ^s isc) formal grammar ^ jj 1 a 1 1 ^c_Ltl <Lojiiej-ijiA 3JxaAJLa 
j^jIojsjuj .(JL>J,I IjLjfc ( _ T 3 ^lijj-J (_t^-II 4 1 ajj iyJI A\\ i"iU J La^JI IjLfli ' a-LaJ Lo 
j^J-Ls (_gl 1(J-lL7cIUI Ijui (^ Cj-oJiiti<-ul (_yjJI jjj-^" O a * .' ^ (j-u-oLiJI J LadJl 
.in nL>Jl (Ji-l-i L$J (JIlxj (_gj-l! ■'j j 1 a II (jJI dl p-a-ll 4j^L»J! 5 \j LaJI (Jjj^o 
(2>c 43^ii>-lj J) j u '< 1 1 ^^iSJI ,_LlL>o i_jI^>- (_>a*j (jjj^LtuJI J LaAII 1 a 1 ajj 
aI JiidLuV 4_lLu(JI (JiLiill «_il_tuJI J LaAll (JjLujj . 3_ijjSUI ^j-^j .^.'tl ( Jj1j>o 

Jj-a-iJ! ' ^ i^j Ij-j-i-lj .(jLuJ^lj 3J^?I (jru JLcajVI ^ 3_.. J: Utl oLiil! 

j<s_La i^-ULjLiLaJI CjLiill «L>J1jla «L>-jj ( _ T 3 *j_u£ 4jo frl li lj-J-»3 (j^LjJI 
i^^a-LlI - j ■» c^ja-jj^si J_i . L&l_L*_a (Jilxj internal form l-t-lj J*v A ^1 

uL>J1 ^ la 1 ut aj Ssl^JijI i>Ju^ Ll^AJ *1^j_u 3*1^_^j1 ^Lui L^_jjl jjj-iojlijl ( 3^- 4J 

.(jLcuj^il jl 



so 



jjjlgnll \josu 

LiSLs . 2JVI a) (jLtujiL! a * < nilu ^Ijjj/ < j a 1 1 <_oj^ju j<uJl2j LLa> (JjLvi (jJ 

?Li J_LI (_kj^j(3 jo-ijusj (_yl^. (_j3jJi^ i*' JlC - f-^-J 4JLj (Jj^il J ' — .ATI ^2 CjjjljIi 

(_y3 sl^^l (j^ i n-a-ll CjIj_iJ»JI (j-a p U**i 1 1 jl t /lyLg.Cj I (_ji£- SjJliLII (J!La ^LS jJI 

1 J '■ " J-£ (j h^«j j-uL«Ji,l (j-o JJlC 7-I^jSI I i aj I l_La> (j-i-'cSL^ 4JLs ijjn" i nil 

J S. i"i _) L*JJi (_flj^j(3 (3^>-«-i V L«_Luj «4-«j^Lo 2_iL>-2l (jj^» ' -u laj ^^3 U ila 
lij_3 .3_o^^LI,l (j-a 2 A I " ^- ^ CjL>.jJ ^jlr <_3jJlill (^Slx-l 4JLs iLoLu .iJi^e-a 

2 U j , ,. , tl 2_jL^vVI (jLa «5I i n't^a 2_<jj^jLc. Lojj J-a>» t _ rT JLnJI Jlj . ntl I '<<jyj 

.(_Jjj>-i «L2j^Lij LaiLuLA LvjLJo iCjIjLjlII 2_c,Ll»^5 SjLcI l _ 7 \^. SjjJjJI -2 

J^ls U 2JSUII jl 2_Lo^J.I ^jLuII *LU^I ^1 ^LVll^VI ^ SjjLiil -3 

.(^ji-al ^jjL«Ji,l jLl«J,I I jut J o i"i_tj i Ij3 

O^Lcl 2j^lil| j_uL«J,l (josxflJJ .^js>**$ 3JLI (j-a 2_^^pJ| .It- SjjLaJ! -4 
( _ T Sljjlj (_jJVj (J-jAaj (j-Jj^-j «Lj_iLSLoI (j-aS »" i Jj^tl!l (_ T 1^. 'l-4-«-« SjJ^ 

,3SL<t« jJlS Jal »LUcj «_a tSl^^JI t^jlJjSLa t>u (^1 JlIIIj 2^ mil oLa>UiI 

J ■'"■■ 3 d_Ju-3LLa JlJ-C JlJ-J 1_<i-i3 (J1-jJ i— SjjjiJ . 2j^_asLliJ| «Luj1I 4jo <>\al (j- 

LujAi! 2_oL^JI ^LijSUI (JJL^.! q\ ,£j\-u±uA\ ^^le. i_3jjuJI u ^c SjjlSJI -5 
Alan j-LiJJ^ o^O <Jr!^ 'J^ 3 *L?Jl1I (j_bjjj)jLai.V 7^-LiJ! «b^l -6 



SI 



tjclVhmUl clSSJI 

AjLJr'mi'i LiJI ^j'-.j'.A'i : (J JLlII jLii-VI ^j-lUoVI CjLjjialjpl jsJLc Turing 

4_j^_LiJl <Qa^JL I (J I (_3^JU (jj*_»J ^c^J-^- <3-*IuLi2uJ tc-jjLoa «L>-^Jj 4_i^1d «lLl^e_« 
I i gjl J I Jal i_2jju V LuSLIj njLoJLl (_Jjj>.I L)Ll>-Ij iii nL>Ju uLl>-I (Jj^sjj 
iJJljIi a! JlJt "i i ii Li IjI^>- Lijj^vl liLa .iJliLSj'^l £yl CjJSj (_gl (_yi 3Jj^3j^ ( _ T ji 
4i_caj_o iJjjLS Ii! La il3j_*_a (j_ojJI £y> 5>^ J-*J * U" , ,. i jaJj i4-jJ3j_laJI <lLu>JU 
i^jLil! «-iIaILi ujj -(.jji ?! : - H>^' oi ijj^"' (l^-*- 1 IjIJS (jLoiJ^Li a I in »L>JLi 

jLili-VI ( _ 3 -a (jjSLa.} Sji^. j o" i n"t (jl L3J (jSLol (_jjJ! aLjISJI /j_olj_JI < La » aj 

. miiill ^.^.Utl (jJ^Lu ^Uo LjiAa J^ls 

jv^" 1 i-4-u-i f^AJl 4-l L q a j «LflJlje_a i uI^jjej ^^2] A 1 u o~»J1 ^-jjLjuJ JjLujj 

t-LjcJJI (_^l3 (j 11 o-kJI j_uL»Jll (j-o (_p (jqAx ' i_*j«jj ij_uL*i! oJufc (_p (jjjjLiJI 

.(jj/jLJI jLud! jLpi-l ^ 
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^illj 2 . . . , U II CjliJJI 4j>JU1 4-itiJ.I litSBjJI i_iVL«j fjj^ 1x4 aU,V,"VK i_iJJll CJ J J u (I) 

cjLD Lai ilfifl 1 3 - j a jjitl iiill j^j i La la jl>.I^]Ij jiii^ill aJlj-T , 1,1 LujJI i iinUJI 5JJ (2) 

. d J * J LJaJl CjLLlJl ^j_a -liLL! U Cjl oK A-La-"i i n" ^5 ' G^-J » - - 77V9J-*9 ' ' ' "j' lH-")' J 4_«u>-^ijl 

1_L)I ^1 t4JJ_3j_«_a - )l i> J L* j-ft l-LA (jl t _Jl J-^jJ (** 3*" ' ' i-a^Lc a ' ,_J J J T ^ *-*-* "(J - "" J-^J-J 0) 
t_*jljJI <J3^ 0'_? KK*l5>jSr$ t± t _ L <i- 1 -u (jj^ 11 J-* "(J-"" J-*^ C ^a -1-Lia (JjSLj (j^"* "(J-"" ^JVj 4^j_*_a • Jl i> J 

(4)Chomsky, N. (1965), Aspects of the Theory of Syntax. Cambridge, Mass., MIT Press. 
4_._ujjJ,l dl_*Li (jV performance e.\S$\$ competence 3pl aXJI £jrj-J J-ua-aJLj (jr SL(.a J aj.Jjj aHaI (5) 
<-S_->o cj-^' J-C1j-2JI *_Lt3_a-i ^jjuj! t±Aje_JI i_3_L(b (jajjijeja ^aJuJI ^-^ til ■ (ja i" j ■ 'j-iLS 4j^jJ_JI 
j^-Lu-aj-JuJ 7c_u3 a I Jt-9_a 1 1 S j La '• * a I uajSLa (jli «ljj_u ,_)^_<Jl ,J^L>. ,j_a ^Ljl3 *J3ljJl ^jJuJI a I JlScTu-u jf I 

Sujs-IjJLIj 5j,,.^;tl 5JL»JLj jjbjj -lU-^SH ^ juj^jjl <j <jf tc-l^^j a>LSJI ^ 5 , ^ -~ £ 1, 1 SjiaiJI <jf 

^ylJI aI£L>-^M jjja p '>■"" ^yjJIj competence aKTlII ^jJ 4jjjJl3I isjjJ.1 juJij*jj ^j-*UI <±.ise-JI ^_3Jui> 

. ((<u>-jjJLI) . La 3jLlC i Lai»» _aj cLse_Lt3 ^l^ aJSJUU LAj I i «a ■ 
(6) Winograd, T. (1977). On Some Contested Suppositions of Generative Linguistics about) the Scientific 
Study of Language:, Stanford Artificial Intelligence Laboratory Memorandum, AIM-300. 
al 4_l3j_u3 al 4_uj_u3 CjjLS * I j_i_u-(j^_) I jiJ I a JlCIjJiJi f-<^>- Lut L$j 1 i a 5 I a 'J-=«-i /*-* :> " *Lau2l (7) 

(8) Chomsky, N. (1975) Reflections on Lanuguage. New York, Pantheon Books. 

(9) Chomsky, N. (1982), Rules and Representation, in The Behavioral and Brain Sciences. 

(10) Schank, R. C. (1975), Conceptual Information Processing, New York, North, North Holland. 

(1 1) Gofstadter, D. (1977), Godel, Escher, Bach. An Eternal Golden Braid. New York, Basic Books. 

( 12) Dresner, B.E.,Hornstein,N. (1976) On Some supposed Contributions of Artificial Intelligence to 
the Scientific Study of Language". Cognition 4, pp. 321-398. 
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J ' — ' -A 1 1 | j_,t L^JjLuj (_yJ-JI 4-u.ajJI S^pjill (j2 ) '^" 

dlli (j o i X,\j iJj^jJLi ^yKAII (i_i£:>Lltl jl) t_jill 
di!j_a .ij^c i_)l i n->- (JlLo (j^ajil /-SI .^^ VI (Jjl^tlll 
Vj . ^Lj_o ( _ 3 _<-uLu-u i -ll laa. ^^3 'l-'JJi-o CjI oK jl^5[j 
t_i t III jij-k j' 5 A\ ,^^VI jj U II „j LJ i J£_i3 

e^K L^Jj ^UL-^VI *KjJI {y> U>v ^UKJL. 
Ijui (^ jLaju I j Ai^i ( ,j i nil I ji^Jj lOjjLfuj (JiL«-i 

■ J ir->iill 

SjL^J L7 °> ' " 'j j la Jl3 i.i nL>JI 2 ta i uljj ^js*^ SjJ 
(2) . 9 

i cjjjj_jJJIj j-fljj oj'j U'V 'l-^^i-i- (_y3 I946alc 

lj-SL«-! 4_j| CjJsjJI dJJ j l _ 7 ^ La^fcjJa 'i 3^vj C^jKj 
cljlj p Mill J^. ^ 3-aJLir~i , n U Jj-LaJI ^Ijiiti-ul 
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lJ cllh J flUI clSSJI 

3_«^v^l!l /_i i_aj^d! ,_j i n ill jl^SLUl Jj1jl». ^Ir cjjuH^.1 (_jjJIj 2jj . nil 

ijj^i ! 11 ^^-3 (j o i ^i " 11 ^^JjiJii! j<s^£ (_gi (jjii-a-'il LaJ^J fd 1 JJt u^-J ■ 2-JVI 
Cil a K jl <_2j^». (j_o LJ^SLo ojl_jl£.Li (_^aliJ 2 jK ifUl 2^>JL*Ji,l ^Ir l^JJ 

. 4_*_>UZi_4 

«L^-jJiJ 4_LoLS (jjijLalj^ (JL>-JU (j 1 «" L#J I^J-JJJ (_ T lll '"' .'J* '■"^ CjJiiJ 

Lojj^. (_ji»- 12 iih-sJ.1 cjLiil a^I£L!1 (_jj3j3 2 it^'iT JjLijj SjjjuII ^UH oli 

. LJa-uJ <L^J1 mi" a ja\j 

4_LoLSLll '"'I ■-'jj .^."11 L^j ( j_ u _loIjJ3 ^jal "ix^pJl 5j_olj-i clla-Cs Jl2Jj 

■ J^l lr->tl (_ij^aj JLclj^j JLtS'i/l JjJ->- ^ji^. (^jILsO (jl (JJJ Vjj JjlS JSJ 
2-j}_i 1 guVI ^jJl 2_u_uj j> JI SJtlll £yl 3_j]VI 2_«^lll J-oLlj-l Jj! (jiacl JL3j 

(jjj 2j^_lL>oVI (^ 2Jj»i>J,l cjLta-jjJI J£ L^j 2j. njj 2 oK J£D *uljjs Sjlc 

^^Jl ( _ T J-»- J-oIj-jJI oJlj* J i^i~i /<sJ IjiSL&j .sLa-j-a- ir'ill (jjk L4I0 (_£l JjJl^o 

i_jj_2j LaJjLJ CjI m"i 1 nil (J^L>- 'LjJ'^l «L<t>.^ilLi AU»IL<kVI 2^,j_»jij ( _ 3 _<I/^Ljj 
(jJ-lLlA jL>) (j^_j JuLlj . 1^_ul ^_<iIi-» /cJ m£ jJl Jl^j>J1 (j_« LaLc j '"■*" 4 nmv (j_« 

2_SjjJ,I (j-o SJlcLSj i_cj-uL>JI jj3i (jl i^.IU".* 2jJVI 2^>-jlll (jl Bar Hillel 

.^^jlsIj j-;LC. lj-ol 7-j-LiD^j 0jjo£.1 La J-Aj i4iol£ i_2jL»-a SjjI J I 3 17-^ f-^-ri 
joJ <AJI ^SjGj (jl i-j-^cJ 1 1 La-j 1 " ' £j\ 'i 1 nil ojufc Ji^->- 3j-*J O^ '- i '-^ C $"' L^^3 
j-r itl JlC.1^3 JL>o! 2^0^ ^c 5^£Ls C^^JI dil j ^ j»*' ^1 ^jj ^3 

CxJL? Recursive Language 2_jjlj^_iJ! 2_ii!l 5^£La (jlj 1 machine language 
Lajjj ia^LSLII 3^-" cj-'S P^^j-" t 6 -^-^ d^ cjI oKIl (_v^*j ^j'—j i** cr^J 

«L<t>.^pJI (jljLjLO f_j£ i".-»- jll lJijQjjiI J^j .(^j^ailu J 1 ai 1 1 joJLtil T-Sjai (_yJj 
J <>-al («-^ i-ilLui tcjj^sI LaJLi^. i^i^l jl ""'lj' 1 "j ■"■■'- ZjIlS Jjlj «LuLi «LjJVI 
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aJ-c I i J L-l Ja 'j j (jLiLsol a I970j I960 j^^-oLc (jl_i La S^IAJI j^x-i 
L^is}L*J (_gj-oj (JrH-^J «Lij 3JjL»-o r*^£- lS< SIajsJI ^^3 ^^it-a (_£? (j£, LixJejJI 
Jl-lJj-lI (jij^tlll ^e-JI Ji£.I^J3 a\ jj-"u nl u& Jj^l oLsoVI JiL<4jjj ./&JL*JLi 
<ii*>- Jl*o (j^*- "iJtjLTLa «LlL^>o Jx.I^J3 Jj.;. "' 3Ja i ulaj CjIjLijiJI (j-a JJl£. 

3-jtj-u djjjLa jJLa g-j'U I J-* Jlo jl VI < >L^sf ol Lull 3Juj>JI (JjLLaJ 
(j_o J-jL^JI .jj_*JI < pi j mi combinatorial explosion ( _ J _<_i-a_-y-lJI jl •»■ a j^t I 
Jl2£ ^yJliiJI <>L>oVI Lai . 3_>JjVI 3j-lJ! (j-o j <\" i m~ jl (jSU-i ^^lll o^Lj^tlll 
r'ljitlij/V JaLxJl^tiiL»JSLII £yi«jbjjl Key Words SjuijJll CjLiSLII *jlV" . »l 
Lp. ij^j Lajsljjj ELIZA Ij-Jl jji«jj . L^IlUo jIjJ,! J-«^"Jt {y> oLa^LiII 

tcjIojj 4JI VI i4_<JeJjL<jM "Inn it I /^ ^3^' OtJ^I ** a J a J ' a ~" "j .^LsoVI I J-$J 

-n g dJI > ^Lejl i _ 3 _LutJ (jl ^_«1^_aJ1 tfJLA (J!u, <jS-c_i < d-p 1Jl_l>- 

j^>JI ^^.cl jJLlI 3-<-ujJlA «_jjj (_gJJI (j i nAllI ' _i j _■ La 1 1 J i<* lj-J-!J (^^==£3 

(jLLlI ( _ 3 -3 L<o ■ 4 j » j j La II 4-*JJLi ( _ > iaJ^J,l «_a jl^>- (J& (Ji-JiJ (jl » ;jiaJ i "JJ 

. 4_llij^JU CjVjLcuJ (_,i^- Ij-J-IJ S^tH^ J*- 1 Xjl 0*^0-^' '- J ^ x -'i (j? 1 -^' (JljJI 

. tjo^J I m"i a J L^-J-I I J-J-*>- *• 4 '^M>1 ' 

$<t^j 1^1 (jjj : IjJI 

^js>.Li jl <l2j^la-i I '"'j aj\ Jaj ja^jl Cxx>- <j-o ' ** ' '" Jj 1 1 

SjjLS-a JLlo ^yS t£j£Ju (jl ^J-ISUj J-<k : IjjJI 

. LLfc j <>>^ 1 jj] i _ 3 _La i ALd (_ 7 x l l ' v (jj 1 1 '( i n-*. *.4_llijjJU 

5 [lit (jj^i^^i diijL^ liijJJS- : Ij^! 

4jjjSLo dJLl pi o i nl • fl-ml (_5-i-ll • lj-J-!| 

I jjlc «G^I j ^^a u>^ >4^ 1 1 jl*. iUji.it I JljI Llaj I>jJI 5-°Lj>j Jjjjuj 

jl 4j^LJujI «L«iS Lai ./Tjlj (_p (Jjl ".CjLxJSLH CjLcj-«L*-a jl CjI oKII Trljljl (j-o 
AjLja-"i i ii a Ljla^Jb ( _ 7 jJt 3jLul!I ( _ T 3 jT_aUj_JI I j '"* cilcre-ij CjI oKII (JjO da-aj 
till jjj i/t_oujjJI cLilaju (_g JJI JijJI (Jix-i SJlvjJI (j^ ^^jLjJI *Jl*JIj i^olj_JI 

. JaAill jl^jjLijVI S^iSLII uic ^oLJj_J I i_ajj<j LiK jJj3 3jLvVI ^ -A\ ^jt'a 



S7 



tjclVhmUl clSSJI 

.(^aJ! J( ^ ( _ r b > ^l>^ (*^f*) 

jl «L*K (_gl (j£. J-^«J O' cA*f < ^' <( (*' B 'L*^ "^J (J^ 4-«j*_cJLi Jij i r-i ii 1, 1 j 
.at 3 <i K J^lS jl Jjj U LoUlAl £-aLjj_JI j_uu V CLul^lJ cIjUJSJI <j-a JJlC 

( _ t jJI 3jLj_*JI l _ r ^ J^-j I <ils /j-oLJ^jJI 3jL>-I i_P-«-> « i -^Lj>J-IIj (1>^ cr^j-^ ' "J 

.^Lll! jl^JI IJ-& ^ La »_' j 

. 3j_<JLca ulj (. I J) i iaj (jl (_5-ol CjJQ^.1 • ^ i iaj) 1 1 

.liljjJIj <j£. (^Ju^ji-I . |3_J1 

/j La »_' /j_ou^aJI <j-ajLi ij^Llj '^J^^ '^0*4 ^J'J.'^ 1 '-'-* l>r! ^W"l J^^J 

(j-o SjjJlc cjMjj5cI1j j»jjy (jl I J^>- fljjj u". 1 1 a't-r 1 1, t l _j£ Ij-jJI * j'^" ' "^3 

dtnn ^J J i"< i n t (jl «LtS_4-l (_yaL>. eL^^JJ . A^jst-ul cu!tx-l (_£JJi ' la ' J I ^l^^-l 
Uiij i«ljj-uLLaj tL^-Lre-i^a ^L«j>- J-Ijj til! jjj i_JaL>J,l 4»j.^. i Jij-iil foJSjiil 
(jjl ...» ^Ir Ijij «. . .SjjjSLo tlxji ...» «QjL>-! u^£ I j A j J LaJj SJilll JlcIjJLI 

.^l i nil Jliil /.^ «. ..3_iiiSLo 

(_gl /T_aUjjJI (j i i >■"_' j<sJ : LuiJj . ( _ t jl3|j j_lC j-oi i4_cSL«J,l (Jju>JI (J£j CjuLvI 

(_pj, (j ii j 1 IJl^Jj i l(j i<i^La-"i i ill (j^-*J (_^' (CJJkLiil jl (Jj^>Jl ^j-iIju, (Jjiflj 

. 5-ul i n'tVI 3Jii!l -" j a 3-J t~ ^jlr _>JjL3 (_£l ?j_aLjjjJI IJlA 

i ,tl utl ■»■ aljj ' I a Jlj-Ij .-i j^tl .-<l-^j \^^»^jljUslj-».i ^Jjal 3-ijjj T - "^ 
SiajjjijJI JjLuil Jjaj (_g JJI j MIT ,3-a iDaniel Bobrow j>jjj JLul jJ Student 
: JiU LlaLxJI I uaj? aJlJ-"u h1 Ji^j . S-Lt-L-tla 3Jtli j-^>J! ^nlf (_y3 
(92 J I * jji, La) (3 * 2 * ^A I * ) 
(jjSLijj in uLujI JLcIj^ (_j^ (>>JI (j^ «i_JLLiJI» /y_oUjj «L2j^Ia JtXJJtJJ 

.<Gju JolxjI ^^3 «CjLc.ljji]l *(J^» (j-a SjLv^/I 
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i_g jjlj (_gjLi (ojj/Lj i-a^^dl William Colby ^yjJj^ jojJj tj-oLJj-i *-daxmjj 

<_2^Li>-u /t-oUjjJI 3-jL>-! ' flJoJcJ <±<-ptJ (((^yiaJ^J,!)) I gl>- U (_yi!l CjIjLaaII 3jii*JI 
LoLx-i lj-J-!| (_3-!J ^-*\>M Jl2jJI "^Ji j ■ La " (JL>- (_gl (_3-^J . <u.}L>JU (j j a-Ja^a 

•l£jW Q^ r J <- r JLiaJI Tt^^J-J p^r 
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ll agcVl _lL_u jJflj} iLustU ^VjJI (J7 litX\ JjIaj AJuJU 5j.j_.Utl CjUII! 5_j>JLjt_a *-alj-i tl jj-j^u ( I ) 
:Jla 5_Lu>. 4_*^->J M^ Ujjf IMi w flSu JJ3 CjUKJLj u KmiH t-tf ^UJI JjJ" o' ^^^Jl <_£JJli (^ 
Jj^l (jlSJ.1 (^ J«^tl -Ja £^LJj_jj* Jj-SJ <jt '4-»JJI c^^ ^-"J- 3 ^ ^jJ D^J t«John left for Cairo » 
(jl fi-c-jj «2j &l 5 tl jjjj (jj^N. jjl_c» ^jJI 4_Ls_3JI «_al_Jj_tJI /tu»-jjj IliSLiij t <jjj_»JI =lLj_>JI j^a 
t 5_La^>JI ^yl^t J^i^o i^l (jj- 1 (*J *^te u' ^1 tXse-pe-us 5_<ijs.j^j 5JL»J| ^jui f^ji aLS jJa *_t-mL>JI 

CjLjVjJL) I j jjj agJLS (_yil w --^'' L&Ac- '"'^'~ cA"-? '^^ 4_<u>.jJiJI p-a\j-i j^« ■ C*Iacl Ij^&Jj 
Interest rate rose 5_jj_iL>JVI 5_Uj*JJ «5_jUU ^ JuvIjj Jjj aLmaVI Jjulab :5_JLlll 5_c^.j^JI Sjl*HJU 

.(^^Ill)%lby 
(2) Weaver,W. (1995), Translation, in Locke & Booth (eds) Machine Translation of Languages, New 
York, Technology Press of MIT and Wiley. 

5_3e_aj_jJI CjUJ J^ (jji^J j 4 lmJu jj^ £j> f ^ ^*" '"* ^1 recurs ^ ve u?j'>^-J ^^j FT-^J-t 1 ' a ' -j J (3) 
u < ,,i flj I..! L&Jj jLil _Loa 5JdJI 5_jjljiJ Laf ,t*Uju ^r o , ,," V >lla COBOL 5 '* la idUju ^oml 
I c la a tl j j j U~ jl *Sj ijjj-ia £>c L#J 4JL4J V ^L^jv Oj-^-J 0' 0^-^ ^"' c?-*-? '(Chomsky 1965) 

4_LJ1 » J-j-a d_t_)j_*JI 4jlUI tjr £ /Cj-uVI Jju d^.^tl . .^'. q\ ^jSL^y LiJI ^l_La i_3j|j_*JU £ydb .5_jj|j^J| 
4_jJu <Lfl-Lt3 « Le3 ' (jl ^jSLfl-ia "JJ^* L^J-^' C U L J' )) (_P-° '^H^ *JllA ' ttq-uaj (jl Ltiajl LLtSLq-i a «(£aJaJI 
j_a£. ^jJ*- I <Ld-Lt3 5jj Llss 1 L^J-S ■*■ j ' a ' 4_LtJLd 4-lajj Jl>- jj Jj I JiSLi a « ajjvjJ I \a.aJu I (jJj-flJ* I 4ij I » jjj-a 

: Jj-flJj 3jlj Jl>- 5_Ljjn. ^Lia] ^jSLxjjj Mary has flat feet.. Jj^ Lit ^j^Lsu ^j-lIjoVI ^j . LjjiJ 5jSL<i_4 
I think that Jhon suspects Jj-iJ^ 5_Li^ \ Lu^aJ ,jl Ltlajl o^yi ■ f ^ lon sus P ects tnat Marry has flat feet 

. (f*^pXl) I JiSuijj that Mary has flat feet. 

dUll tc-JsjJ ^j-j 1 5 tl ^JJ aj U '. ^fjj ^j-Ls-a ,j_a J^'\ U^J (j' L^^ =Ltia-aLc 4iUI CjLcJ^ pU« j (4) 

jl (jSL<u play Jiu 2ulSj hit>» 5_,iK3 JSVl j^lc ^^Is-c jJlc. Jl^I ^'CiUitl j^J. Jj>LI {jr ^ . *>L*j 
3jLl«JI j^ aJlscIxjjJLI jjt, (jJjla j^l jj-Sj (j I t_tj_ul_>JI ^ ^ j played ^Ljl3 jt play a JiLc Lc-ul (jjSJi 
(jLj-^aJLi 5jj_»^i^ <Lal^ 5_!j-*J 4^j_*_a i . t U" . cG^/ 5 . j * , s> 1 1 ^jmj ^^2 I jut (jf Ct-u jJa_9 . L^JlLscj t^jJI 

.(/tUvj^JLI) -aJLjJLi d^jjuaj 

(5) Petrick, S. R, (1973) Transfomational Analysis Rustin (ed) Natural language Processing, New 
York, Agorithmics Press, pp. 27-41. 

(6) Weizenbaum, J. (1966), Eliza, a Computer program for the study of natural language communication 
between man and machine. CACM 9, pp. 36-45. 

(7) Bobrow, D. G. (1986) Natrual language input for a computer problem-solving system, in Minsky, 
M. (ed) Semantic Information Processing, Cambridge, Mass., MIT Press, pp., 133-215. 

(8) Colby, K. M.. weber, S.. & Hilf, F. D. (1972) Artifical paranoia in Artificial Intelligence 3. 
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SjJJI (JJjeil (jrij^l j-alj_JI J-ua-aJI I JUfc I d i aJ 
£Jlj& ' " 'j i a j 3 1 jJsj . j^cJjl aL> V**i i nU 4_L«_i_tix! I 
(j-C (JjjLXJJ 3jj_a_Lo (J_<U>J| (J-lLso (_ji^. Tj-^Lh^' 

J^-JU ^>^ (> Cr 1 ^ 1 JtH^ <i>k Jj^ ^>^ ^J 
.jajjtLill JojI^iI Roger Schank dJJLi 

1970 *Lc: ^l^.) 3_Lvj_U oJUfc SjIjLi cJajjjl 
Ifjlo^lj 3JLI 3^=J (Jj^-^J S^ul^Lal (_y3 J-a^l (jl JuLflj (a 

j jIjl»-jJj^J Shrdlu ^Jjijji ^y^e-olijj j^illl I Jlj* 
I i^jI 2 La-j-tl a j-<k j_l<ujj . JJ15J Lunar jLJ^lj 

v^jUill S^JLtl J^KJI j-aLjj_JI - la b La SjLcj 
jo_iia3j . I -4 JS ui ( _ 3 -3 4-i-L-i-U 4_2j^IaJLi 4-UL.ulaJI 

-3 rtl~c^Jll L^JlSLiL-oLajim djjL^JI JlSLiVl 



II 



tjclVhmUl *lSiJI 



. JlSLi^l aJJt (>u 2 j j 1 La 1 1 Ci}L^ti!l 
4-LJt-uiaJ I CjLiJJI «L>JL»-a aj i uilj (jLa i4JLu>JI (_j-L»-a 4_uiLa (_ji£. jl «Ujjj*j 

JL»-^j jJa 4_j| VI .2 -»■ j -»■ .^» tl 2_aj | j 1,| ^^1^.", , ,.j jjf CjULlAI 3ji£.LJ3 (j-o 
(j-d>-LJI (_paJU J ' '" ■"'JJ . 4_iiiaLiJI '"'Ijl i "*"" " *l (JjjQl LoJLaj ^iSl jyjUjj 



U-° 



4_*2_Qj*_« Cj 



(3). 



L>.jju j_i ...A'.tl » j j a ^ Kayser jJ_jI5j coulon (jjJj£ Jiu 



(2) 




S_«_Ul ouUi ^ ^Ls kjk^ 1-4 jXi 
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i La ^Lku d -i j aj Ju3 La jL^JiV I Jl>- «Ul3u 3 1 _S t ^j a j naJul JlJjj jj-olj-i (j! 

D, McDonald ( ^jJL>jj£Laj T.Meehan oUi- Lu* j^-AJ j! (J^Ujj . Lj^JLI 
*L£jJI (_^a i>ti>.LJ! ,j-a lj-ji£ m^? 1 ^ i*^ J'-^' '■- L * tj£ ^=eoJ! (j! V! 

(- I c l_L& j caajLu " >-iU jJ 1 -1 frail 3j_&LLkj /«jfeji&I j<u-<k! -lS-3 ^^ I ''■" i^aVI 

^J .' ""* ■' ^ d » i * ^ ' J ' ' (j^J 1(JVjlL<jiV!j (J-lLxjJI (JXjJ i** (JjLu 

. LaLXJ (jiljL^Ajjq 

7j_aL>jj jjfc ^*~ I '.U ,^VI s L?jJ| 7cjjLj i^& Ijj j ifu a (Jli (_£ j-ll T^-aLij-JI (jl 
Ijlj* ( _ T iLajj .MIT /_^ jIj^vj-Ljj l5>tH c *-«-^J lS^' iiii-iJi ^i-i «_jJ.ij-<i» 

(Jl S. «"r T Cjli »l J i"il 3ji£. (JjLu (_ T 1^. SjjJill 4jjJ (_jJ| (jLcujj (_LaC /J_OUj_JI 
CjjLajJ (jl 4_cSL«-!J ,« l.Mn^U "icjjiojll Cjl-alj-A^lj CjLl*SLU JIlo 4 fl l"i -ica 

Jullj . £ij t-uif 1 tfJLA (J^>- ^"> k "I (jr^- * ^l^%-) (jTa La ^j *"'"»■ ■"■ *_a 4_jjLj_iIa 4juj 

((/j 2 1 ■■ * II a 3c i ! 1 » (j_a 5 J 0" 1 n a 4jjjlJ JlC.1^9 «btaujj (_^ _M^>-^_(JJ /c-cis 



^LCuiJI <j-a *LtiJ <j^. 3jLi£. jjij Halliday, ^1 OjJL^J systemic grammar 
Cj2iLj>iJ 4_cidL>- 4 cLj_i_jS^1J 1 CjI Jl>-^1I 4_t_L*_a ^a1^>. (j^. ^-aaj (_ 7 ^Ji 4_jJLLa_uJ 

<LJVjJI ^Lm (jiuu a jijr" 1 nlj . (J[o4>Jll jl ^ola-sl!) LgSLbj L^liajlj JLt^^l 

Lax. SLtstil 3-cSLall oULLJI JJLC: (jia^i. ^yJI lS-SjJ U-a (£»All! Jjlsell! «Lul 

. L&jl»-j 4_ljjS^i!I j_uL«J,I LISj la ^J 

:^JJ^ja/ ?LCUjaJ (_^_fl_Li>- jl^>J (JLla (^^Jj La_i3j 
CjLuSJll 4-*3 u^C- i^^>-^X\ «Luiojl ^Jx. joS :5j_aLijjJI ajjr" 1 n a 

^r* Ij ua^JI 
(_y3 « «L<ia (_,i^. »3j Lulj 4_uj(j La» JiiLLaj_LC ul ".^J^jjIi 

" e I) Ja»J I CjLijiSUI 3ji^ (_,lr » 31aj>JI 

9t ^ 1 ■■'' (jl^. 5^_tuL»_a -I 

.cjL«SLU (^1 (jlSLa (^1 ^i -2 

2 : /^aujjJI aJlJt" 1 n a 

tLuful 5jMj liJLui :^Jjjji 

j i>i-»-al Ay-^JI *i'n~ (jl (_Lta ^j-A i^l ilj-mJ, Jjfe :g-aljj-j| ajj-'una 



45 



tjclVhmUl clSSJI 



dJjSLIIj ij_a^v 2I (_jtSHI <_>-3_>J aj^I C^JS La JJ£. :^J Jjji 

. La j_i_a-iJ3 L&JI -^>*^ ^ -" ' "' *jW^ J' f ^-"' l5' ' j ^' Jl:>,j (J-*- '*>^J (3." " 
( _ 7 i^. Ij-iLJS (joSLj LdJjjj i«Li daxgj I .U , ,,jll (((.iljj^a)) 4J| 5y_aLjjjJI ij-UJ L<" 

.SLifciJtl JL^Vl cnj ^La}UJI ^ SJiu,! JL. 2bU.VI 

4^j^j(J,I 4l2j^Ia aI Jiiejj-uL Lu^Jjj (JjJSaJI (j-aiii (_y3 AJ-2j j-iJJ (*'-^i3 (j~3 
Jj-aiJI jiaJ!) Augmented Transition Network ATN 3jj-»ll JL2IJVI ^SLiAj 
a^.^.Utl 3iULi oLLu Sj^Ls jjj jjLseji! «LUNAR» j-alJj-i *1_LlI (^JLlJI 
fjjj] jyi' j^t_t-i3 (j_a t ^- ) '-L^' (j^- CjLqqK a (j_a 0J-A CjuLj_J1 3j^.l9 ^j^Sjjj 

(O-Ijj (r-l i^xaJJ 3_Laji)l 4jSj^a^l ilj^JI) NASA (j_a -I 1 a a .sljj l(j< «-v 

jl , ,,A" , ,.M t /yli.1 Jul (JjiLojJ! (_5-Lj CjIjjjcjIJI ji Sjja- ."ill (_yJV J (J-lL>o -t_i 
^j La Ljj .Jlj mlt <_,!>. I jJI JjialJI (^ (jqiVitt (,IUIt SbLsi^VI -?• 

3JLLIL) ^jJI jIjlcIj Jlj 111 tt (jja 3 ^ 1 U 1 1 oLa^Ldl ^ ttustJI (^Ic. I j_& 

S-u^JaJI 
.j^ejJI JlcIjjS ^1 2_aLbVL 3 oK 3500 (j_a <— !j-2j La ?^_aLjjjJI J o uiJj 
j%\ ^ .Ml 3Ja}L*J I.}jji5e-a I i J^ ( _ > l3jJl : J (jl (_Ja-ii!l (J-LLtltl pr_aUj_l » jt^<" , ,,jj 
3Jjj^5jJ,l CjIjLuiJI (J!la Sjjj i U 1 1 tliLuijjJI dJJ jij L^jJI ^"-^p Lt^' sLuisL 

.S.u.jjjJI 3_Uj>JI Ji-b 

i^jLiJJt J-aljJ jj Laj ^yl^. IjLx. (ttolag J^iLj LUNAR j_aLjj_J (jl£ JlSj 
tyjJIj ATN 3jj-»Jll JLUJVI 3 < i mi 1 3_ajLieiuiII 4^l1Sj (.jmt 3-utoxLaJI 
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(J^L>- 4-^j-iiaJI CjLil!l «L>JL»-a [^ Lcjji'i jjj-^' J-"' (j-° SJl>-Ij CUse-u.a I 

.4-LxlDm J Itl»l1 CjIj f I nil 

: L^JjLuj (jl tjS*Ai (_ T ^1I 4 1^1 i.al (j-° «LlLoI ( _ 7 \j Lij^j 
Sd tji^tl d • *"j rt j^t^-a ^j3 a^jj^I, 2l ^_jf^j ' la i "j" rt j_A La - 
JJ"^ ' "J-" 1 " Jj i nS 1 (j_u^L>. (_ 7 1^. t_5jJ^>o (_ 7 ^Ji CjLLljuI _}Ji£. ^cS - 

dJQLii j^vjj i_alj.il __>_ C.Riesbeck, C.Rieger, and N.Goldman *l_ jjsj 

a-jjqJaJI 3J-JI <j^ oljLt-. J>=eJ mJJJI MARGIE ^' _->-jLa J-oLiJJ *Llu 
. Jjj LdJ^ 4_lLjj>JI oJi_s ' il— — JJ (^J-^- 1 <— ^-"-"J ' _?J SLaJI d_jlj_]l (j^ (JS—i (__!! 
4_L>-IJlJI (J_«^>JI 4_LLl_3 ' Jl J-»J (J' "1 ?!— °H>^' (jr 2 (_, ' "^j-tl *>^*JJ (jSLxJJ 
^—S Lai (j-«-<wJi-J "^J^ _?'-—'' l£J SLaJI joJLlII (j— . _jL^L___jU j»j-5j _il J I '"^l 

. 4 is i nl (jjJI (j-LJI j-sIjj <_— a jl i/oJL«JI _l!i (__9 3ji^vj_a 3-ujla »lj Mil 
•2 c Li— — II S^LcLj (__>-jLa ^LlS ^jlr JLla ^—b Ld^j 
. (_gj Lo (j*»- (J-ii- *• 4l>. I jJ I 4JLu>J I 

• U 2 -^ oW l£jL° ay* J- 3 - ! ••£>>• 

^j tiAZu £)] » Iali i ■■" ^qJ L$j 2 t__Lcj l£jLc tj^>- (3-^ ~2 
. taj i ""' jsJj i(j ..*" ^ j . U" , ,." jaJ L^ja (_gjLo __>Lo -3 

y-l'i" i nVLi ^—s-jLo aLlS lr JLLa I jufcj 

•ihL>.' ' "' ^-f 3 * i^j— ° 03^ q^""* :3_>.!jlJ! 3ixj>JI 

•OihH-" 1 ^iP l£jL° O 1 U>»- J-5^-1 -I : S> i " 

. a I jj La (_—!—. L^J Li (_gj Lo j < i" ") a] -2 

. < >uflt2^T l pUoj|jl -3 

3JSL.il >LoLi >L>. ^u^pJI ^LisOJI OAh^y ^ u^- ) -" S^aU. .^UUi^VI 
L»-j_tu Lui -ijj-ij • ( < ^'j- c -^' I tiiVL>JI j^*-i) Sj^Iij (_ t j*j i ( _ T l«J,! r*ljjr" i ill 
(jJjLilJ ^^-L-o^l JLlil ^yJI j-a-jj ji fs-l^-U ijL2JI tJ-l^j U^ Ij^-J^ 1 

jji J-«-flJI J-^p- 1 " U^ 4jjIj^.VI v^jVUJI jjej ^yfl AjjjLo^I S^SLoJI jj 

4 jo i nVI CjLojJ.1 CjLcj^iJ^a (JV 4J3^L*JI jjjijJlJJ i4 Ip-a-ll ^_ i n.Mj-11 (j^X\ 
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tjclVhmUl *lSiJI 

.3_ulj^.VI L4I0 J£ 3JLv JJlj>o (jl ^^.ulaj : 4_i 3-LajjjJ,! 
jojjVI 3JLv j j Iqj (jl (jSUj innectional languages 2^^ ,^~,ll tiiLiill ^^aj 

(j_a 4_*_3j_a (j_c J * I ' a J '^.' W ^ j" '_' *J-aLi. 2_j|_£J (J^-^" (_j^- 7"^^^ 

J£L Chlopiecjegruszke :2_ijjJ^_J| 3ji!l ^ Jl^o I JiSLaj i5Iaj>JI ^ JiAtl 
. Gruszke je chlopiec : I uaj? i_*j£j (jl (jSLxjj .^jIUSLII jJ^JI 
,J^I all«-ec»5jl j'-tl jj jt\* J»^tl (J^La jji (chlopiec) « jJjJW jl 2iijii-^a 
(jja Lai .«-e» Jjjtiil SjL^li j^Jaj «u J_j*AX! ^yjk (gruszke) d^jiuSLlU (jlj 

4_ui t^^alj i2_u|j^:VI LgjJU. i.'in-iej dU-uiVl i Sj i <aJ >La 2j^j1>JiVI "iilll 
.he/ him, we/us Jflo j^l -i JaJI CjVLv jji si o uiVI i «j laol 
(J j < ii 1 1 (JlLo 4-Lu>JI CjujSU (_gi lulSlJI ^till i— fl-uj taJ jl jj o I j 3 Tccbjjj 
(jjO (j t~ I (_fljUi^J cUada-m j_&l^lb LajLUcLi VI Ji-loj V 7tJI . .(_J£.uiJlj 4_> 
Jju>JI I j Lu3 (_yll^ diLto^-^Lo ^Ir 9j to ' 2 j-^j j^"j"'J • SjjIj^V! CjVLsJI 

:3_JbJ| i,Mill 
John broke the window with the hammer . 2ajUtU 3 JlsLcJI j_^v j i.^ - 1 
. The hammer broke the window . 3 JlsLJI 2ajUl I cjj , ,6 -2 
. The window broke .SJlsLlII Cjj mCil -3 

(Jj-flJI jl f«-^-J ■' * *"' **■ * S-J^lLsoVI Jju>JI (j-o Si^. J£ ^^3 (J^LilLa 
(j ir A 't ^JjJ (j! Cli^J-jJI 4 j o i nVI l1)I_j_£jJ,I (j-o JSL! tjSL«j 4JI ^^Jjlaj JLvlj 
1 4 a I " Je a (JjlAII cU-uulu L^la (_p 4 fl-itoj jl f^-J « J-^- LjaJ 1 » (_, nS^pJl JJJ-ll 
4jlr *Shj (j-°J (2aj Ut I) ^jfc Sl^Vlj '(j>»-) J-& (J-ti!l iJ^-Ls d\^ (J m's -t tLjj 
(j^ LljJjs. 2 * -i i ai a L#j| «_a Cj^LUI Jju>JI ^^3 2jblj ^ ajj (3 Jl^LlII) JjuUI 

.(j^jj_ji-VI <j^iLjj>J! 
cjVL>JI j^c-j) S^^s (j^ dJbLiJ (_g^SLaJI Jajl^ill 2_j^Jij lj_uS <_j^jjj3j 

2_ulj^.VI 2JL>J| iJajo 4JI (^ I 1 j Lu ^ 1 nj'ijJI 3j-^' J JLaSs 'JLJ '(^''j-^-^' 
((primitives of verbs» JLl^>U 3_jJjV| 2_JVjJI ^LJjSULi ^odiVI t_^xi! 

.2_JLl!l ^j 2 a 1 1 (^ L^J Li^>-«3 ajiii ( 11 (jPJlj 

Conceptual Dependency J^jiii I JuljaJt ^Ijjail 

(J rt j, kj1 (J_lj_4-1 (j_« j S "1 U 4 U ( n^S 4-jJ to III i>JLA tiJ-jLiiu ^?->-J)J J^* 3 
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( _ 7 IlJI 4 i-i I" -^J, 1 jajjiLHI (j\j Cjl3^L«JI (J-A-jj /ySJa-La i fl-Laj ^ U , a |jj JUj , ,. ,11 
'.(jL Li-i3 2 j i m_mjJ1 jLSLa^/l (j^tjejj (jSLx-ij . (JjusJI aJJt (^ (Ji-Ju 

^j ■■ a > (^yi ItAfctJc fl (J-OjlJ (j_« jl 4JuJ! (j-oiij (j_« (j-dl<u>iJ (jj^-i (jl * t^s-> -1 

S-ioj^lII I i j" j ' ' C^jL£ I j! (_ji»-J ,-itll (j-aflj La^J (jL£ lil ( _ 7 ii.l jJI (JjiL<ilJI 

, LaLxj 4_i_L'(_^_^ 

(J_LiL<tUI ( _ r £ 4 1 -»J1 (_j-3 d ' ^ , >i " t I CjLo^L(J,l J^ j J 1q3 (jl l-L»J -<_! 

«7-Lu^aJI I JLA CjLJjLj-ca till ^13 (_j.ll CuAJt 41xj>>JL3 . tcJj-i^ JS luJ . (_.Jl>.1 jJI 
(j_a J-Jjl La (_, I r Jj ,^-^11 ^a <-,| ui^ Ju3 (_ T iJI (jlal^J^I (_yJI *_oLvuJI JijJD 
tfjufc «(_2_L*_«» ^j-* lO" 3 * /T' ' f "' ' "^> ' ' J^A (J3^-> (jl * tJ?t i9 i O"^HJ^' ' 0"*"'.! *^ ' 

.au^Ji 

v^jLJjiHI (j>£3 dJJjuj •■3jJj^! 3-jJVjJI ^GLJjSLaj JjlS J£ <jx. jjjij -?■ 
«*Jjijj» I uaM (_j-i-«3 (jl (jSLxjj «3JjlU ijjl\ (Ji- Ju» ^LiLo «<_j_>_iij» (Jjtiil 4-JVjJI 

(ji i_jjajj i3_lIVjJ! lIiLJjSUI (JSLi schema ^ * U M I * % , ^ j 1 1 , U ^"jjj . «J£lj»j 

.(O^iJI 2_iUr IJljj (ji (JjJS iLuj^v JJS^M (_yl£. i(_Uv<SLj 
(_^Hjcjj " (_gi SI d II lL2j1^_u1» (_ 7 _4-*_uj /ydlaJLa ( dj^oaj cLLu>Ji (_^-i-»-« (Jli-4-ij 

:p!^j| SjujI (j^ (S's 1 ni\\ (_y3 ' "«* jl) uliVjJLa (_,lr 
. »1 < n^Ll cLjjLtoi_« (_^-Aj j j ' ^ 1 1 - I 

. JLta'i/l lIiLcjji^o ji JLjls^U jL^o j-*j (JjtjUl jl J-«-*-!l -2 

3_jjLuto (jjS3 dJJ jjj LjJjiJLJ jl j j i a 1 1 I -"^" (_5-&J J J ' a II CjujL»-a -3 

SjjLvitA (jj^i tii! jjj JLls^I i Ikj] (_yjij i JLta^l ji (JLt£,zl cjLjjLvo -4 

-.(jL La ^y^a i2jL3>L«JI jl i^jLUjI^pJI Lol n_aj^JiiI 

H_gjjljjl3 I o (j i a ^l^ (jl jrtjj nJip^SLa jl (Ji^o^io jrtJ J jLio jL<ia£.l (i) 

.(JjiAIIj *j j ' ^* II tJfV LxILc ljuk cjJlxjj 

J iLaJI (j-u (_gl) S j j LaJ I (JjIjlaj (Jj>-aJI (j^-J Jl>.Ij i-TijLa- (j-« JlaIIcI (<— i) 

. ((4j>-^ll,! : & fl-i^aJlj j<u-uVI (ji_> (_gl) fljj LaJl (jjLvoj Sjj LaJl (j-u jl («Li (JjjuHIj 

. ((O^v^im :3^Lxi5VI (JlLo) (J^jjjj^s (y^i Jl>-Ij i-TiJi-^- (j^ jLxH^.1 (-»■) 
(_gj_LA jt_ X » d 1 o j, kJ (Jfj^ flJI LLa_j1^IilI Ajpe-u^3jfA\ ' loa la >i ' I (j^^Lj Ij^Aj 

'.(^VLS «3jjJij>JI 43jLuji 
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► < ► 




( ) 



aJ~QJ ^£y s x— I— 3 1 <J_lIL<i_j-J1 ^sjjljj .«(_£j_L& 03-?" * ' ' ^ c " «LLa^- <JjLlL» \lc^ 

.3-4 jSLi ^ 2i*j>JI 
j_ajJLj <sjjz. Ijjjla causative S-uj-cuJI cjLs^LhJ ^gj'Crill <U .K"ll (^jjjj 
Laj^slj (j-ujJ ^Lt3 (_g.il jls o^f* o' ^?° (< l£j'- U5^ ' . * ' ^~"" ' " *lL*»- ur^ lir 

IJl^J «La_uJJ i DO J » fl-j t_l 4_Lc j_j_«jj i((<ijv^ll,l .jji La i_2jju 2 (jja-t^) 
(_J3 4JjU>J I Jjixj 4-4 (J\ ni Tc—iiajjj . ' . i Jac 3J L>- ( _ T 3 (_£j_ufc T 1 -^ 3 ' (Jj 1 -^ I 

La 31aj>J ^^im (Jjiaj 2_il or (jLa i La J*C ifuj 3Ji_uJi,l ila i "_■"' ^^£11 1 I JSL&j 
aJLuij i L&i au^jti Sujlj^I 2UU£jj JL»i>U S_JjVl Jj^Vl JojIjj <j-a oj^jj 

: L^-La I L^aJtJ ^£jj d-Jjal (Jj-ca^l (j-a 14-12 /j-a "-jj-Sj La 

(JiLa) SJljJ^C sLuia (_£j_^3 Jj^so jl (jii-Lj JiLa) (j nii'ilt jl t ((_, la « j Jila) 
. (*_)Liiajj JijJLi Jj^o (j o i >wj (jl (3^-*f ta-^'J ?Ij-"jJI 
ij-~>-X (j^- (j-° *LmQni^»U sLufu^l (Jjjjso (j^-pJ '■ 4-mJ i ii ■»< a lj^Lij^O 

((» (la ))) Jl j-jv J ^jLS-a ^j-a d uiAj ^jLcuJ 21 (J 1 CLU I ^^Jl 5) j i"i a «( ufc j_)» <jILa 

• _jjj n i n *^_a »/_ t u /_} l 5> i i n a 
CjLa^_Lt_a jj-* 3j_jJL>- CjLa^l»_a *l_LJ «LlUL*J1 «Lu_aJLj1 ^^l j j i"ilj :^Lu 
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6JUoAJuoJI 6iXaall pg9 



SUrl 



Jj*il 



s?>* 




^T^ 



jjy-all 



J*j" 



lc*^ 



"^jj» Oj^ i_-a*i" iUr ijijf-Vi oVU-i y J-ii 3-4 jSIa 



r 



>• 



J_pr 



<- 



>-- 



c;>» 



"<£y& Oyr y . aM" iLJr i^j^iil .tjljsU J~£ 4- 4 j£i 
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tjclVhmUl *lSiJI 

Lkjii-i (jl_i i L^jlc J ■ ^»-- ct^' ^^ (_j-*J iS-CJuiiis «Gjj-o (jJ! Jiol JiJS Q>^ 
-JLpQlu ( _ t jL»ji_2jj-u l)3^ '^ ;= - l " a oi^ till JJ <: ^ E T!-^^ •'L*^ (_5-!J ' J ^ 1 »• J 0^(_j-2 

Jj^sjlII ^^3 Ajir'iMil L gJLllj- L gj'Cnll ,JjL*iLI Riesbeck liij^JJ ^^J^ ol 

.prefemtial semantics <LjL-uai3JI 



Oj* Y <- 

t 



£jij> <- 



I J*Jj ^^ ijr 



A" ~~* 



(1>) ibw» 



(1) 'ijll^fi 



"\t-JJug <Jyr jfl" 3JL3T J-iC 5-4 JiLi 



j^ 
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a 



ij_a <jh_j ^S-j-JVj-Ilj Sjj-js^jJI) cjL^>L_«JI 

I JJt <ic.Lu^5j 4JLoj>JI (_yJ-«-o ' ajuaj dl! jiSj iCjLJjS-II 

3_lL»-!jJI S^JUll L$jJ U~~ ^pJl Sjjj-^JLi ■ a-ia^ll 

CxjLj lJjjjJ (_gl s I La c J Jla£. £>£. LiA t_ iJLsoij 
«L>JL«J,I CxjLS I jl La Jjjoo [JJJJ LSju i«/_ Ij olt» 

^1 Loj ilijJoJI (jLSLaj i4-> (Jj < i-l 1, 1 j (JjiAIIj (_LcLflJI 
^^j-c: ^^^-i J-£ J-jJa J o" A j <jl_£ I jj j! itdJj 

.cjL>~r iTk nl 

«Gj^Iiu (_gjjj^j tlLLitl 4 1 1 m iIu^^-ulU (j 1 1 '""jj 
2jl or (^ Ijjj i_xji1j (_ylll 3_jJ3jj<J,l CjLlUjJI »j«i-v 

^_3 jJiSI Jj 1 ^"" 1 "',' uLiiaJiJI ojui (JjLuj i_2jj-uj 
Li_A jJjLujj 'Q^J La f°-4^ (1>^ J-^J (j-**-*-^ J LtaAJI 
^j-S-cj JS m) ,_jj 4_jjlj_lLij1 «Ljuj1 <J-o->- «Lo->>^3 ' la ^Q 

L>JI Ji-b JiUj j! 
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tjclVhmUl *lSiJI 

jji4l Jli-Sl -.Li- 
Recursive Transition Networks (RTNS) 

^yuu «_o finite state automata 3jjJlj>J,I cjVL>JI SjSiLajjj'^ Ij^gJaj jj£"J,l 

(_^ CjLaj^jilII q^jljI 3jjl^S~JI Sjt-uiaJ I Jl>.2 3-aj^Ulj Sjjai JaJl <Joj|j_cu]l 

j-l-l-OJI (_,lr L^jjjJs (^ SjjL^o j^Smi J I ~r.WI <ji)K i 'i jjjjuj . jLUcVI 

. context free grammar JjLujJI iJ-° jj^ 5 ^' j'rilt 

(_yll! nodes jJL*JI (j-o <icj_«j*-a (j_o 3.}jJij*J,l CjVLsJI sLuLojjjI (jj£juj 

^1 3JLv (j-o J I aqjzl 2jlor Jaj^^ji (j-t-u o- u 'j^'t 1 J ' '*'" states, cjVLv Jil^j 
Jiu" ji£l jt 3JL»- liJllAj (>IjujI) SljIjljJI Jlsj ijjl 3JL. aJL^s .i£>».T 
Lai <jJ^JaVl tj^iaj jjiill JL21JV! i2jl£Loi ^J! S^u^Lij .( ? Lg"Jl) SjI^-JI 
(jjjj^JI Ifjl'ioi ^ylll JLSjJV! 3JL>- (ji ^j-ijLAJ categories, cjVjJLo j? cj! <iK j 

(j_o jl i(jjjj_2JI /j I c cr-^' 4 «i K 1 1 «LiLiLLs^ dli-Jiil 4 oKtl (jjSij LoJiJL^. &~l! 
(_aaaji (j^jLajjj^l (jj (J^JLij '"« *j^ -i * ^ o i n a (jjj^JLJI (jl£ 1!il «U^2j,1 (j-anj 
si|jujl£ ^yJj^l <U1SDI JL^L (jl c. I U" , ,.l | jj oUJ£Ltl <j-a (jlajm LjuLu JjJL 

.(*L£il) iuL^I S^KJI ^1 J^uj 
the pretty Little » SjLj-c J • 2j (jl I -5 J'C ui (^ (jjjLajjjal • ^ tali ■ "jj 

.((little pony» J • Sj jl »jU". ,.._> V 4_cSL!j «the pony» -5>*-o jl (upony 



article 



•Ijsi 



o o 

START 1-5 JSjs FINISH 



S_jjlj^Li!l (jx. J-**} Mjjxj tj la *_' (jl (jjjLojJj'iil ljui (J!Lo f-ri^aj i "_' 2j 
JJ-C L$J (jLi p i n Tt (_ T ltlj i«J}Jii<ill 2Jtj-^ ^-il^J C*a»l /Tjlj» (J^- SjLiC (_y3 

nested 2 La>| jlU.1 Ja*JI Jlj-<i<-ul Luta o^Ujj . CjLaL^VI <j-o MjjLjl>.l 
4-jj mi* (_£ I JlA i—t-LLuTu La SjLc (jSLtj literative S_jjIj^j CjLj^jj clauses 
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6JLuhJI OlaJJ {S J[}\ JjlVill iSjJj yj&aj 

<* *J * C j . ^." S" ^ ^jLl ^ IflJU^QJl tfjufc t t_L>U j^^-^-IJ .^'nol' 4_JJLJ_lLij1 «Lj_Lul 

(JL2jjVI (_,i^. 3j-}LJ9j j-jSI 4_uLojjji (j^ '«>*• J'*' '""> l£>^' CjLuLojjjLi i_2jju 

(JSjIl 7C_ci5JJlJ J^£Llll (jLSlLlVI CJ K I Ml ^ J ' "' *ljj 6j Si d 1 1 (_,_& Ojljfcj . I glj-l ' 

:«ll4J>J j^SJLa ^J I 2!u I 4Sh"i 2-5 
The Clever little daughter of the owner of the sweet-shop has won a 
scholarship to Oxford 

r - i (4 aj^a) (_ys i((_jjLa) i_3 iQ<u-ul) (jji (j-o Li& «LiJ3j_LiJI CjVjJlU Q^SJijj 
t_tSj_o) (jjj a (j_o 4_<-3j_LsJI j-j-c '~«Vj S II (jjAJOj . (3l.il) j '0- 3 - '— Sj- 9 ") 

^ylc ( _, m iVI i_tSjJ,l Jl o'im iI JLiia-l (jrt-JJJ •Cr^-> :v S^J- (r (*) '(( J* 1 " '^ 

^_^ pLvjVl «LulS_al ^^ mi 4_L4_A| I ua 'i ?r .Aje <<•> q nS»tl ^jtj t^^jS^jv t A>-* 

. «Ljt-aj_JI CjULI 



START 




NG 



o 




PREP 




jJM Jusiit iSLi ^U Jii. 2-5 j£Li 
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tjclVhmUl clSSJI 

(j! 2 Ijj i uj LJ 7r o i n" V I J IS lj i(Jju>JI (JjJjeoJ !Jl>- 4_lLi£. «L2j^13 ojuij 
(_>a-a-J S-i-aLi-J i3_<_*_<-j_LaJI CjLiJJI (^ j &IjJqJI J-j-<j-»- jLp£.VI (^ jii-LJ 
i - 1 1 A , ,-, I j 1 1 ^3 ^j ^ A" , „ /i 7-ljjijLi L^JjLiJ (jS-a-i <tjf (0-C.j t4-L3n i nil jjkl^liJI 
JlJ^. J^ieJLj (_g jJI jLtuil Jlaj-»J (JjlalJ! 2jlor (_y3j • J-*J L«-i3 Q-< i i i ii L»£ 
*"'"j la I ' (jl Jjj jJi3 . L^-JI Jj-co^JI «U jo-i (_£J-1! (jJ^-LaJI (_yl^. 3juL*JI (_dj5 

•" j a-j (jl (jA_«j J «-aJI (jl lillij i4JiiII »l olr (j-a Ij^uS J < i""i 2JLulo oJufcj 
4<_hU (_yl^. Mxo " .' i iiLi.il (_,-ij>J.l jLji>-l (_iajjj JJSj .SjjJlC ^ a D -» a (jLtAJ 

.Sj i^iio^ jLu*. (_yl^- j I o'^rP - j' (jLuujl^ ^ya- (2>5i^ cr^- J^ o^ 1^1 <«-"-uVl 

(j_a jj^>JU ^till JlcIjjS 4-La i u| aj .iJjiJI (_i (JLJjVI (jLuIo (jSLsJ.1 O^J 
Jjj_oa (_ 3 J-*-^ *— A>-*/ -^> fl - a fy^-ml *— *^>-* — *Sjlj_fl-a-«u_4J>. 

•*>T^i 

Augmented Sjjjd.! J I 2-iJzl CjKjJo 2 ^fc'J -J.t^.".,„U Jj \i 2 Sjj taj sU^L-uiH 
^jjj L»£ d A,^.;,„ ^ jJlj j-sjj 4jJl^LjjI (_gjdl Transition Networks (ATNs) 

Augmented Transition Networks (ATNs) 

:CjIj_lo Cj^ULi jj^Slil (JL2jjVI CjKj i"i £^c 3jJjlI,I (JL2lLiVI lIiISj i"i^-ual<3 
^psj_aj 7T o i nl LiS t^jjjl^'ii u i la uj * £)] jL»IL>- 2i I ^j-* P3- 1 {S^ T q ' "" ~ ' 

3ji^>-jJi,l 3l J^l ^Cj^ise-a qj±oj (j-a jojjVI (jjSLj (jl L-J taxi Jl3 l*U Jjj . SjJLa^ 
« (jj_i_j_Lj » y\ ((SJLSLJ)) ^Lxa ( _ > ii3j_l (jl (j£Lx-l IjLA ct^-J i 4 S j i"i 1 1 (_y3 LajLtj 

. (( /cJj?e_J )) (JJtilJ (j£. Lil 
Lcj_3 jl 1 11 U JlJcjI La lil /y_oL)jjJI «U AJ^J La JJijaJ (jl LJ tuuuJ -2 
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tv.g-LjJa.il OlaJJ {S J[}\ JjlVill i3jj> (j^fij 

. Juu Li_i3 L^-al Jl3t"< ( u Jl La «La^l*_a ^Jj^Ii (JlLa *. Lt_L*_a 

(j-u <JiiL9^L«JI (jj_)^tl! set of registers <Jii}Lx-uill (j-a 2x.jjij*-a I Ltlajj -3 

.J^K *UgU] SJjOjlII d-^j-aJI t^KjMitl 

1 * ■ t— j^ejj! JucljJs i a LajJ tLj-^Lt£> i " 1 1 se I La i a a j J 55 CjJi^tLL-ul Jl9j 
pjj (j_o (j-u>^ iJIjXI Jjj i ii ^Ir 11 'II ija iSjjjiil J I 5"WI oLSLui 2 A L .^»t 

2 oK a! JlJ-"u ill (jjJ-i (_£>*"' (j^i "^^ (j-° (JLaiiVLi 7t o i inl jump J£ « flj flja » 
2 m Mj-ll J-a-^-JI jLujjcVI ^ jlkllJ 2jHa 2JLuj,j Liiajl tiJLufcj .JLioVI 
J-«j- Jljlj 2 I a >JI 3_jljJ ^1 p^vjJI (jJI r-L^stJ Lajijx. 2Jjj^3jJ,I Jx^JIj 
SLjjS *_a ^^-aLjjl (j-* (J3~' J (J-""*' ^-^'j l^'-Jvji Jl^ojI )) «LL^>- <JJ-a <^>r!-k 4 ^-*^ D Lh^" 
tJLajj 2t 1 CjiS i i"i ^_au^-J ^p^Qjj . « ^ uAil ^j J I j fit g I j o^ ^^ i ■■ o ■"■ I J* a ^ u o^ 

:2_jJLlII 2 l^i n^/l - j aj jjf 3 -5 J*v ni (^ 3jjj>Ji,l 

SJ^Ja jjfsl L$J ^1 2 nnintl ^Jt La -1-1 

S«LLjjZj_u (J^lsl (_2_A La -* )- I 

SjJ^is J-J^l Cjlj (j-a i "II ^^-A La -I- 2 
S(j a i "II (J^l^i (_,-»* La -i_j-2 
:jT_aLij_JI i^jLill -" j ajj (_^>- ^i^r!^? ^' 4-*JJLi l_La> /ojijLjjLjj 
1 (a) Which is the ship of greatest length? 

1 (b) Which is the longest ship? 

2 (a) Which are the ships of greatest lenght? 
2 (b) Which are the longest ships? 

ADJG 

which/what 




jump 

ADJG = adjectival group 

NG = noun group 

comp = comparison (greater/lesser length) 

"Which is the longest ship? " iLJr j_£dl JUiNI oliLi J-U 3-5 j£i 
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lJ cllh J flUI *lSiJI 

.(cj 2) <(! 2) oJJJL^j ^-1*1! ^^ U4J (u I)j (I I) ^ ^oU^JI u! 

x_4J>J1 J I 'jm'1 ^Juul <Jj?e_i_u do-LiIaj (j"^^3-<i^ll cA- 1 (Jt>^' ^ - '^3^ cH"- 4 -^ 

SIujj^JI dJJj *\ jieijjjl (J^Ujj (ship/ships)jl (is/are) 31i.l jJI 4xiSL!l J^^o Jju 
"the Ship are" q^scJ^ l-Z& lil Sj^till --IUA.VI (_aLiij£V 

Analysis of queries uUIAAnhI SI JniAii 

4-La 1 uljj ^Ji^o V I J I j 33 (_ylll (J-4J>JI (jLl Lufc 5-ojLJr"i 11U ^_olj_Jl jLl«-i 

4 I ->J1 «l— b J^tJ <LLa 1 ulttj SjJ^o (Jj-lli I jl JLsJl jjfc L»i JlcI^JS ^Cj^st-a 

3Jj2J,l «ua jLuIl J J-=ej (jJLu Jalaim 3U ,„lj, j? Phrase Structure grammar 
J j I -*j) fjJ-II lJ-4 (j-o J-iisell! j-oIjjj .31>.!jJI SuiSLlI L&JI ^^aIu ^pJI 

J>jj*-4j jr-ou^i!! I j*'* C-uai-Lj (_jjJlj (j-°->" l_P-° ^JL»>JI 4Juxaj ji 7tJl . . Sljalj 
(j_o <Lc.j_«^>JU oJLji 1 La ■ jj " V J-jlxlJl I jui JiU (_y3j . JjLii!l ^Ir i_2jjLU1 
Jj-aiJI jiaJl) Prim actives-3_JVjJ! i2j!JjSUL> <j£lj d -■■ ; '' JjtAtb i2jVUJ1 
(_yJVjJI Qi^' siJjJB Qi^i (^"v rill . U Jj'.tl 2 jj IV. Aa I j^i ^|r j :(«_i!jJ! 

. 7Cjl . .<Oj.}^_l» t«* JJ_iOlJ)) t«(J£L»» t«*_U_U» J 

(_^fl »1 riiVlj t( _, I trill (jjSJll fjJS 3_uui| CjUJSLII ^^1 JLiflVl »;^*j 

Ja_L^J CjLj-SjJ jjjj (jl (jSLxJ (J-^l ^JSj-u^l L$J lLj-iJ >Jj l4 JO I llVl CjL-OjJll 



I Ju^Jj .JjLjcIII 3_lUx. ^ Sjj-uL-uI 3_L«-<kl li (_>ujJ aM£L11 t_u3j3 jV dilij 
j^c j^uilll L$j tjS^o-i (_ 7 ^-!l «USL<Ji,l (3j-^' /S!-*^?^ j. 1 " «l>-L>- ijJLui (j lula 
(Jj-la ^-p^ l — J ' j: ?i> : ' t ^ l5' Jj.'^. 1 tt 1 ' ii" V lO^* - ' 'Ll>-LJ (j-oj iSjl>-I^JI <tLu>Jl 

dij}_jj 4JJJLJ-" ml (_gj_JI tiLIj j_& j_olj_iJI dil3 J'^'a?j .a>LSL!I c^jjjJ 
5-jjJa-Ll SjJaLUl 3-j-Liil tUvuIaJI SJiill Jj^»- £yi Jo'iml (_gJJlj Riesbeck 

'.^jlj La Cj^iLsJ.1 aJJt (J!Lo Tca^La jiuklj .()«jljJI J c.aA]|) 1 |_gj SLaJ I Jajl^pJI 
( _ 3 _L«Ji,l Jljso (jl (JjLso (jSLlj 1 4-Lq--^-U ^^jjS^j *Lb (jx. Qja^u V L^jl - 1 
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.4_Ljjli^jJI ill Laj U 1, 1 (j-o Ij^J- I Laj i uj IjJlS a JlJt" i n"t -2 

(j-u lj_ui j_Lx-i Vj iCjI Jl2H«J,Ij (JVjljjjjVI 4_Juj«J «l«JL> a jo itl ^ u»~ -3 
J-Js 3_JVjJI 3-j-LJ! jL*_iI "LxL^. ?J-jjj . SjjjJJI j^cj Sbjiill oLajl*Jtl 

«4j^_lL>oVI «L*1!I j 1 nA.98 4 1 nlj dJb_^jj Mjuioj i_gj-!l (JL>J.I LLfc 1 a 1 aj j 

•.(j-ol^ji. cj^Lj 4J9 English Lanugage Interpreter (ELI) 
(jJLjJI Jj-ajil! jiajl) Production rules rLnJl JlcI^js^ (jjvj^LH! (jj^L "' 

( _ T 3 jaSLajj (_^J I Jj'j" (_ T J-JI (a-uiLflJll Jajl^j (j£, j-j-«3 '--^Jt!^ aJlJ-"i lxjJ -i_j 

. JlcIjJL!! j_ui> aI JlJcjjjjI 

.^j-AljUI LLajl^j L^txisj-a ^LoLlu Luila-La I * tab aJljt-" i u \ -r p 
"isLUsVLi L4! (_ 7 jJ!j H-AtaJI (_, 1 11 j r-Lu^l JlcIjJS (j-o (_>aLi- p^J liJLLfcj 
jLii.VI SjJj Jio "Lj^Lial CjVL^o JLt^lj -S^jJil! (j-o 3jLl«Ji,l CjI iji^iljll (_yJI 
3JL>- ( _ T 3 Juijj sLj^LUol Cj ! j Lpi. ! JjJij>o (j^l^- 3j_ii-1Vl JlcLjjJJ iCjLa-j"?l, Ij 

. 4_(_ULJ 1 , U-^ < Lluj 
(j-^J ^^JV^-^j-i-Li i_j_p^3 f.Yh ( _ T 3 alc 'l-^JJ La jl j**i-*.l JLla '"' jo-tiL-uJj 

Ij_l1^ (jl (^ Jiuii (jillj *LlJI IJla JLiSLi^V a^jiuti oLa^mi jjj^o 
'J * m -3 '3-^- ^vj—A ^fl n" L« SjLcj ijju I (f< ^ a jjL^tjj (cJ (^yal^JKjl (j_« 
•— LHJJ o! l£j^ o>^ J^» (j- 4 J .i I '*•"' ^ ^x^j S-Lo-^J! Cj-JL^ I j! ^LloJa 

(Ji-Jixl! <: ^-'J ij^*" '' Ju * (l^ T^iiS (_>jjJ-*L2JI (_3-IJ (J_j*- JlIu /^ouj_JI (^3-aj i((JL2 
(ojjj ^j^*- uil\ (J^L>.I «LiLic. jojj Luij .4 -5 (JSLjj ( _ T a Lo c-u uLUI ( _ T x^cj>Ji,l 

.LiUJj Jl-«_i J j I -a- "ill aJl2j 'Lj-LJ! (_^Li (Jl o'C"ii ul sLlLojC j Iqj oj «(j^>.» <_! I 

4_l_«_ll3jJ>l Ij'v' ("1 J 1 n'lSl Jl3 "Ij-LJI (jl LJjjiJ I Jut (jjC ^^J-l-l (jl LctSLx-lJ 

. partially instantiated LuJjv 
(jl 1. 1 -yj ^LloJa i4_lUjJI aJJt /_^ L^jLcIjjj (. i-*j -i^jJS tiJLufc 03S-J J^J 
(jjSLj (jl (jSLx-i ( I S^^Lla) I Information (j£-Jj « ^Lta ^^-^ iSi» person 2 (JjSLj 

.(((dijjjlj 1 Si i^a-L-i "" 3JL>JI aJJt (_yS) i<ilalS 3ju>-2 
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1 *3j ^jO^J^ 



lJ cl'ihi/>UI .ISSJI 



A *Jj i j2^*J^S\ 




jp-°j A-*Jtj j£ iajjjw jOPtJt frlkpj Jp j*M iJj*" *Uy 4 — 5 ASs-i 



,-,! j I U tl ( j_ a 4_cjjjj*-o I bjt q£. j^Ijjj .Incorporate «^_oj!» u <\ , »\ ^y^s 
j-~>-\ l _j-cj-£ /j_oLJj_i ^ La i ulj j LijLpi-l /alb Lii;t>- i' / 1 »L>J1 Sjil JJ Jji^o 
I j Ujj ui j^Ijjj ^^lll oLilaJI dJJj JlAjj (_£ JJI consider «<-J3 jt\M » ^ , „j 



The problem of pronominal reference jriU^ill *rfl* 

Jacques Pitrat !>Lu t-dUJ Jl-La £yj 3JJji-a ^Jtj 4-<JbJl J^>JI (^Jl 

:4JV jiaLjl! jJ^J! (jjijjJL! J-«-ujf 
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. I j^u£ 4-c-o (_Lv>u Jl2 - I 
. 3jL*j>JI /. all (jLb -2 

(j -i <>>~ SJLlJS.} 3_j_2_La_La jVj" i nl SjicLs 2_c.Lj.ca (_>SLx_i V 4J? (S-C-J i3JL>- 

. SLa-j-a- ,^TI 4jU-V! (_-J! Jj-aj-JI 
i« lj-_5_> 4-L« (_L«_>_> Jl3» jJjJI (jjSj 0' f-"-*- 1 L° ■J L **Ji "^ (J'-'-M I J-£> (_r^J 

liLdis l_JJj-s di!i (jl^ Ijj (^SLIj i3jL*->JI *LZJI <j-o o-ujji! £-<-*? ^-° jL= ?-i_' 

<j-a j-SjiU ciJ^LuJI *_o Lilkio till j (jj^i J-^J ^jJoLill (jJJ jJjJ! J-^jl I Jj 
La L_g_Lo J o" i ii t (_yl!l 2_3j_«Ji,l (___& La jji LL& jj-J_> (_JJJI (J'J-^'j ijjjjjJii! 
Lijf jji SjLvVIj ^2tj j , „ll ( j_ a 2_>.jjJ| oJLjJJ 3 K Mill _>j_t- Jilo (J^eJ L_1»_t__i 
3^_l_>_ajLj I ^ ■ i luS. * i _ 7 jJl-l_Li^_«_a _tl^« (j_« ^ * i n" a ^ ' Sa Jj C «Lc^<i_5e^ aJl-bO i n 1 

<Jl)_a}L*l! Lc->lj_ilj LJ^v /oJLtJLi I mil m-U J^Li- <j^j 2_ <l _jl__J| commonsense 

.4_j£ 2ji ..I j i nllj 2_j__ _*__>. VI 
LdJj 1 I j_>. SIjIs J->L__J,I o JJt Jiu ,J_>o jl ^SUj ^pJI Sj^vjII *_alj_Jlj 

^Lljjij 2JVI (-lajtj (j? LJLv 3.Jj_».jJtl 2_u___J| Jlo ,_-S lj_>- ' . •» LtaJI (j_« 4JI 

.3_uLSJlIlj 2_)^_____]| 3ijj>II (jjj s;ljj>.2?l ojui JSL! 

|jL-». -OJ-=-_a <_3 1 J-j*'-! __<-q-q-i.3 JL3 }L*-3 ^Lse-xLill *_alj_J! ojufc Jlaj 
jji'^ll JljLc JLi.13 (jl jj LaJI o jufc (_JJl>.Ij . i2_j_il! 2 taj i lU Lsjia a JLa-"i i uJj 
lj^_i.| «L2j^_la tiJLuij j^i JaJJ JjjLjjJI ^ o i nVl <_<£jj,l jl j<sjjjVI 4JI (_,i^. 

JlJ^jj j^ o uaJI jc fts*j-u 2i 1 Juu 1 oK (Jj2J l_4j3j j^ o Jalj JjLlu ^j_u1 (JSj ^^ la «J 

.sUta 3_jJVj S^^Lc: CiJo-J LiK 



The Problem of Conjunctions & elliptic constructions 
Of] ,j,^* ' * (JajjLlC JajjJ IJl>- cLu_uLl« 4_Sjj-Ld j &a-< d la * 1 1 a! Jlj>" t nl ^jl 
(J_lJL>o ( _ t j2 «L2_lj3jJI (_pl Mill (_>A*J jjjj Jl3-«iL4J>J! (j-o *>»• j'^^J <— i-L-aTj 
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lJ cl'ihi/>UI .ISSJI 

. JJ Lj_J 1 (J I J i (j LjSJ 1 ^j-o^-L^ i—ULJ 

5 ,'lm,<U SL^Ul d-a-c^Lc ^4 La 
' alajJI 5JSL.ia x^s JjibuJI JJlC JLJI ^ j La sej ( _^1\ (jJjVl S^SLoJI jj 

jjiuL^a 3_JLl!l 31aj>JI cjL? lil La j^>o (j! JjUeJ i< kW: Jl>-j I »K 4JI (_,.& 

(_, I r j . !j_Li.I 5_ajLjJ-"i i nil Sj^eJJI 3ji£.LflJI *_a Jjs'i/I (_,lr Luj^v 3_u5i*u-a 

«jjLlJI (jl»j 

: t i_j£^LJl *_a Lu^>- <dj i iio"(a 

(C-i-ul 3l.il ^J-a\ (J - * - ^ 

((^jLiSJI (j 'loj-*. * (jui) 

. (JjulJ 1 jjk Luk t^yzJLjLl La j 

j_uLiaj V! Lk^ltj'n ill tjS-o-i Vj 1 1 jl>. 3j_ui Jij>JI sj-cuJ Luk cj VL<4i>- Vlj 

(_p»J 1 C <-LJLuk (jjSj 0' dA-*i' ij- ^ 'fijl "ill (jjjJL>JI (_yl^. JlxjcVu jl «LlIVj 

*. (J-La r—JUJ Li_U I 

((l^Lj-iJ-Uj 0""^ 1 1 nl, 1 jLtSJ 3j^ej?e_a CjIjm i nil ( 2 9 1 a g » 
(—aaljJkl aIJlJ-"ii nl (jji^jjJ.1 » jU" . ..j ^jLS lil tc_u3^oJI (j- (J^ 1 ^ ^' t — x tH v 

Si i^ 1 2 a /c-ikjLo (_ T A^ JJ ' ^ ^ rt tiJUJ (ji a! 
(_ylll CjI gKtl (J^hlJ <_2ii>J,l aIJlJ-"ii nVl (jx. <L>oL> j-J^i Sj^jij^ t-dLukj 
(_j-3 L^a I Jiitlu I j 4_l>-Li (j-° '^^*^; CjLiill ^^3 ^ J 2 La * t 1 Cj^LaLtil 4_ufu3 

•jl , ..!>',. ,.VI | jjk (_yJI j t^'.'.l'a . Mjjji-I <Lp.L) (j-a CjLa^L«J,l <L>JL*-a 
S LuJjijLS <_jji>-j (Jl o i"i ( _ T 3 LkLutJ (_ 7 ^JI 4-j-L^aJe loJI CjLijj/L>JI JJl£. jO 
JT_aLjj_l I J I _■ 2 J ^1 (j^L«J (_^!l 2_'JJ '^tl dJiJJLl (JljjjJI ljuk (jX. Lj^o^. lil 
JJLstJ Lgj-Jtj jl ,„ ^", ,„VI ^ j_p-^t «>*JI (j^ i^jLiLJI 3JlC.L9 a%iuulu\ 
:4jJLlII SjLJj'i/l JI'C iSi2?l (j-a (J^v mi (_gl_i 4J£. ^ujiIJI (jSL«j J-^JI 2 aLaJLa 

LuJ j ij IS * ) j_l>- j (J 1 o mi = d 2 la ' g - I 
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tv.g-LjJa.il OlaJJ {S J[}\ JjJbaJI iSjJj yj&aj 



LLjJjjIS * )^_L>- ji Jlflili — ^ ala 



LuJjjlS i_jj_l>. ji LLlIjijIS (J I o i"i = cLaia 



LLjJjjLi » )j-'l > .j LLujijlS JIomi — 4JiIa 



il . I i a a I '"' (j 1 ■ ajJ (4) jojjj (j2 i(3) jojjj jji TlJlSc ual] Ji-p-jJI (JS i"itlj 

^j '• a ' i _ T 3 LLjJJIJlS » 1J-L3-.J LLuJIJlS JlOMI /- I ill (Jl (jS-4-1 d ^ ' ^ vJ->.JJ 2f 

i alljie-i «ji»j «j» (JILa 4-uLLa.lX I Cj^LoL«Ji,l (jl Lui 4_ujjLjj2| AlaJLulj . CjJsjJI 

Jlx>- ' fl-Laj tiJLLiij . (C)J i^aJI j La ' LI (_y3 'LJX. 4-ut-uiaJI CjLAllI /_i3 LjjkLui-a 
(9) 

Terry Winogra .ilj^-j-bj lS>tH '-. '"^ cr^ 5 J*J.'^^ oUill JjI^o J£l nA 

Wendy Leh. nert- Cj^jjjJ i^JJjj 

.4_Lj l _LjJaJI oU I II (_L-lUo ^ J^o (<sJ ^,111 J£l miU (j-o JjJjJI ciJLufc 
(_L*»- JljJjUj > o i n"t (_ T J-!I L^JJ '^^ J^tiJI JlcI^JJ f-^J 3->jJU-a (_yjl "isuio^Lji 

3j_jLa tiJLui jl£ Ijj Li^ta S La ' 1 1 JIJjjJI tiJU^a "Lul^Io iZjUJJ 3j*-pe-i^5 

(jl l_<0 . 3-Jj^e_iJI J-;LC. (JjiJ>JI (j-a j_u£jl f*$£ ,*.; i ■■' LlJ2 nilli «!jj <j-o 

4 o-lS-ll LjJj ■" j flj (jl <jSLx-i (_jjJI 3j_uSLll ^^jljlxJlI «Lj=_uj tLtit-tj-tajl CjLiltl (j-ic 

(JJi_Ljjj i(JL<tJ>JI (j-° J-i^-II lilll (- La »_' (_£J-!I (j ii j 111 j ( _ > IojjiJLllj 3Jl>-IjJI 

. Lujjojj uJl^o joJIjlILi Lu£jjla (_LAaj (J^-* 3 ' j ^' Jl:>,j (J-* 1 ^ 
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$fc\^\$ ^^ft 



JSJ JlJJ^ u <i<»\ ^£j-A 43\j£a\ o^-<u <GL 4jJ_JL>oVI_a 4_u>*-Ji 5_iill £yi J£ ^i ^Lt^VI J-wiZi (I) 

the cousin of the <L^_i_L»o *z 1 4iUI ^^a J>^' f .1^*" ■■■'■ Mj-*^ ajj-Lse-a j_i£ t- ," ^" cr'^Wj ^L^l 
LuSLajj the cousin of the cousin of me king <Ji^-^ isLuaVI 0A4I ^-tv-l *— Sjjh isLUaj (jSLajj king 
1 IjlSLa^ . ..The cousin of the cousin of the cousin of the king (jj-SLlJ J^jJlj*- ( _ r ^-ml «— <4>^ iflL-a! 

(JjJLa I JuJl>. 1 q 1 ■■' ( fl-ulaja ^jJl^JI f-jL) (Jj-Sj (jl LXIJlLft-tfl t4_jjj_*Jl 4ii3l j_3 p<--mll ^j ^ I CjJl^jj 
. (/«jv.juJ,I) IjtSjta ..^jJlj*Ji f-iLj 4jjI pTJjj (Jj-* 3 - 1 .? IJljJl>- Lo-ml 1 a-uJaj aj ^jJlj*Ji f-iL) 4jjI 

.((**->iX0 . <jjl_x_l1=J I cjLiill Jfc 4jjljiJiI! a.^.Utl 5_Lu>J! aljt> «_ii»jj (2) 
JjjcHj _& J£ (jl ;_£t A->B 5-^J jjja JucljS < tiaj context free grammar J^Lim]! ^a jj->JJ J-^ 1 -^' (3) 
aj_) aJlJC-Ti-i-uI -L^9 - JlX.1 a_5JI ^j-a fj-J-J' l_l_(t J-iLa Jj J .' (j - ^ - "^JO-*^ ?' - 1 5&& • Jl> " 9-J <M B (_J) 

Syntactic 4_iLl£ ^ SuL^jdll 4jjjJaJ Aji Lajuc 1957 aLl ^^.3 j-»-<JI ^ p j-Jl iJJb c? £L 1 .u.aj. t ." u j 
J_tii-<u w 1 c.-6 \\ a gj-j >1 5 j-j-c. j_*JJI I JljJi (jl cJajJI dUj ^^ ^ySLt.o.aj.Jjj j-iTml S&$ . structure 
dJl_La> (jl j^jJLi j_jJl^-j . transfonational component ^^Jlj j-*-U I ^jSU.1 AJi li^jJj 4jjJlUI 2l3jjlU 

(jla 4-Jj-<Jlji 4^j_*J.I (J-u-q-) /yLC j-il-9 (j Li-t-uJ I (j-a jj^ejJU iJtJJl (jl j-u.«j 4jjJl>- 4jjLjJaj diuj-ku 

Generalized (1985) ujL^^ ^GjjiaJ^ Gazdar jJaJl) (jL^oJI ^a Sj^soia ^LaVl ^<Lu^ulaJI cjUUI 

Phrase Structure Grammar 
(4) Woods, W. (1970)Transition network programs for natural language analysis, CACM 13 10, pp. 
591-606. 

4_j_t^3 1 j-j-c I J_<u>- 3-Lc dJLLii^ ; "^j" 5JI tj-jl j-£> jJjJ1» (_yj* 4-n-uL-u^l d_Lj_>JI (jl Lut . k-^\t j (5) 

(VmjJI (j-i\-i 'j ' ■•"' 5 X I (jlj 4_Li_?Ji (*^3 t _^ 5_ijj»_Lt3 Ju>u 2 ijJJj f*- 3 ? 4_Li_?Ji j-jj>-a lju-J,! (j^_) Cjjja 

(6) Riesbeck, C.K. (1975). Conceptual analysis in Conceptual information processing, Schank (ed.. 
New York, North Holland. 

(7) Riesbeck, C.K. ( 1 978), An expectation-driven production system for natural language understanding, 
in pattern-directed inference systems, Waterman and Hayes-Roth (eds.), New York, Academic Press. 

(8) Pitrat, J. (1978), La program mati on informatique du language, La Recherche No. 93. 

(9) Winograd, T. (1982), Language as a Cognitive Process, Reading, Mass., Addison Wesley. 

(10) Lehnert, W. and Ringle, M. (1982), (eds), Strategies for natural language Processing, Hillsdate, 
N.J., Lawrence Erlbaum. 
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2 aJaJI (j-u Jj^a^il Friandly 3_pj ^'j-J jJJ^"' j-A 
(j_a j^iii t_!jij>ol jJia (J I ■ -^."M t cLuLjLiLaJI LiljL-uj 

j ir-i"iii"j .A^iSLII (JjjJitJj js^a jjljLjLo (jJ! (j-d^-LJI 

ia}1£L)I p^S 2 K mi a ^yk: J-uanJI I jufc ^ Lii>JL*-a 
J^jlseTij ><i"i{jl 1 |^jLi!l (jkj iL-m-i^al 4K i"il, 1 (_5-Aj 

(l) (l 982) <>i5 c^l JttXI J#u. t> '^->tl j»5Kll 
3_«_L)I -"j a (jjj 3_i^tci3 j^l a^LSLII p j' a (jl . Witten 
•.^^Jj La I j -i *-i i— ll 1 1 iii 3ju*J dllij 3_ijjSUI 
jJs « /T_L.-y.iJ3 » j_jl^ 2 aj U ; 1 1 2JL-ujJI (_Jji>ij -I 

(_j-J-ll Cjlj-ca^l OJLA (JiLo i_3JL>- U iVi i_*jaJJ -2 

. r >KJi jj^; *LdI s^li aJVj L^J ^ 

SjLuul jj uAlJ JlvIjJI CjJl^jJu J) ' ' " * * "-^" 
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tjclVhmUl clSSJI 

* ^ Jj^J J.! ' ' '9 
jl I Jij-a-Lo Jj La Li (jl£ lil u, L*-U JL»-I^JI ' " i it • a 1 I (jjia-i ' aJoJe-i (jl tjS\x-i "J 

. (_£>>• ' '— ' ' "^ J-° 
i<LJLitl ilil oKIl (j1_i 2_;"j i^aJI SjLJuVI /_^ Sjajlolj JjJl»- liJLLa i". i .nl -_a> 
^1 ii_jLj-C jl t4 o IS. II I a i a j I a /_J3 Ct»ia CjI^j3 ijJLufc (jjSj O' U^-^J 

.S-JLjllI CiI oKIl (j\j (_oJ3jj 
ijjilo i I Jl>-Ij LlLu «Ljl^JI ( _ t 3 Lolxj 3 a u *- 1 1 CjLxJSU (J3^i O' U^-" 1 - 1 "J 

. pair peeper ', right write, rite 

^-uoLulII (j_« /T J ' '■ ' 3-^ (*M^JI cnr-* TZ-^'J-? Lt^I u^*-^*\ L)> ijr^ ^ >3r j" *''J 
(_ 7 1^. pr j i n ill IjLjfc t_gj"-»-ji iij .(Jj-aal (_3 2ajU'<l I 4_Lu>J| jc j_l*3 4_ujj^iJI 
.^JL>J| c^JSjJI (ji (^lajij^II (j i n-»-? ^Ir '/30 (j_c I j" _■ i ■■'< JJD V r I *a a. I 
. 3_JVI 2-*JL»il ^ JljJlxIII aJIc (Jjj 3>^i£ 2^vj-> ^1 (jJllILi (^JJJ Ijufcj 
CjLsJSJI (j-* 7? J ' " ' ^ys^\-^u-u\ (jS_4_> tCj\^L&2] (j-« ?J'n ill iJl^-J Ujljj 

(j£x-i LLaj .(j'j ' "II \j-& (_5-3 cjIjj^s^I (j^j «ljSL<Ji,I cjLS^IjjJI *-£j±>- <— iLjutj 

L_jJLLa_L« I La )t j j rt Ijl i n a Jlj*_j (jl i _ 3 -S (J_ujtjjl ^_«lj^j a o fra 3 1 *~> -»■ i" (jl 
(_2-JI ^J -^ 1 ■■■ (j-« ^^-J^aJi tfjufc jl Cxjj JL9j . ^V—cSLcaJLl Cj Laj U 11 x_l^>- Lajc^'i i na 
^yjj'i/l Jij>JI jc LkJijitj 2_>-j.5 JJ>J (jjJI <— )L*-i-l 3_i£lj j-lc. bottom up lr 1 
cjLo^Ll^ LajLjfo^j top down (JjLj/2 ^yJLc I j-o «L>JL»-a «LlLwlj J-a^i jl <_jj*jj 

• lr 1 ^jIxjla ^yl^. (_£>i-i CjLo^Llaj pragmatic <LuLaLiLaj 4±u£j2j SjJVj 
ojuij 3 \j a i 1 1 Cji oKIl J-ujjj 4K *u LlIL>- 5-ojLa-"i 1 nl, I Sj^v^l jtJL«3j 
A 1 1 nilu ( _ 7 i>- tjS^j <J 0"' '"I! aMSJI J-J-L4-1 4 IS i"i a l j H a jjiSLl (_j^-<-ul 4 K i"il, I 
(Jj^sjj L>-L>o L^J^ Laji23 j*_olj_J! j^\ (j-"^ Ly^'J * \) * * I '** 1 1 3rh!-*-^ 

V cjUKII ,> JjM^»J. VI oj^ ^ I jla jUs .Lea ^^ LliL /.99 , 5^1 

diljji ijJLijfcj .t_!jjL^ Jl>-Ij /n K" a L^aLa h (jl I _J Laxij «LoiS 120 jc JJ^J 



(_a3jjj Barr jLlI L^aj «Gla i5-uj-i^aJI SjLiVI ^yi *jull 3U^'w-,M< | j 



Levels of recognition tjjAnJI wb$Ma« 

;ir-ill SjLiVI ^yi *JLlII 3U^'w-,M< |jj 
:3_lILiII Sijjtll pl^JI j-^l>J (_,lr iJjS U aLj -i j' a j^^* 
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6J\jujjoJI uulgp o&Sj :pllSJI p£9 

.CjLxJSLII ^ SjijI^JI lIiIjj^^I j-j-<j^- ua\j»- (Jji^j .Phonetic 2r\j.^\\ -\ 
diljj-o'^l jlaj i_a^ili.l /oSLso ^^lll jlcIjJL!! phonological: S^v^J^J^All -<_s 

(O-lJc a j 1 1 j iaLJLloVI (JlLo jjiljiij JlcIjJl)I oJUfc (j I <"" j (j' J ' "J I <— 2^1i>-L) 

.fell 
oLiiaj uaJI jLajj 1 a^ ^Ji^o ^yll! JlcIj^JI .morphemic 3-iaj ' — ■ ^ t -_>. 
..(JL^al 1 ^jj .^."j «_<^>J| (julj^ JlcIj^JI ojui J i"i1j iCjLxJSLII (jjSLl! 

.fell 
j_ljJI uj& i_2^Lli.VI 1 "<^~ (jil! jlcIjJLII (jyjkj prosodic: 3^^U*tl -j 

.(JIJjjJI 4jL$J (_y3 «_fljjJ,l j-j-iJI i_£lo ("iJJ'-ijJIj 
.J^usJIj CjIjLjlII (Jj^Sj j<iSL>o ^ylll Jx. 1^1)1 (_,-Aj syntactic: <Ll»j£jjJI -_4 
.il » j"i inV J_«^>Jlj CjI K II Aloitl^l Ji^IjJlII semantic :3_jJVjJI -j 
<iL»i*-a j_lC (3^Jj Siy 6 -' 4je.iae.LO (jjSi JlS (_^l!I *t-»j-» naJI (J^i^Jlj CjIjLulII 

«_oLJI (^SL^j (^lI'j a^LSLJI jcSIjso { jjl\ JlcIjJjJI pragmatics: 3jjL«j>-!jj -j 

a^ISLII - j'a (_ya (_£jjSL!I 2 .j. ,^ll I iSluj . Sj^illl SJLlojJJ (jJeia 1 nil jj 1 ■■ A~ T1 
Jl^-I «_j>-j_jj i^^LSLII 4_lL«j(J ' _ta.l Lai, I (j-uLJI ^JlCJ Qajell (jjjJa^iA (j-o 
jj-« ^—Lxb CjJlj>oj . *_al i u II ^-IJ ^j>- 2i 1 %s>~j^ i-4-Lu . ^ K"i t, 1 ^^Jl ^jjj LLaaJU 

UaiJI cjUKJI jLoiJ Jio itiilj^of ^1 tfjLCal ^JLCiXI 3.^.^3 «Lol f lt~~V| 
ijJl_L<fc (jj^-i * O 1 -^ *— '' *■" jl>^ 3' '<-^^><^ r'J- 1 ^ 5 ^ J' ' * 3 * ' ' 3 

jl «G^jb_l>- dJjl i n"t (JILa L$J (_yl«^ V «Ljj^c CjIjj^sI jIj^loIj idJJjJ Sjj^^-lo 
a^JLi £)] x_al i n II iJ7 JLCj . cLjj i I II «L1LlujJ1 ^yO \ ' "^" «L»J^C ^Lllu) jl JLloI 
uJ\ . . 5_Aj Lu 1, 1 JjLlojJI (j^ IJljj j j'a i/aJLCill L^J aLS (_,jJI S-LLyiJI ^ ,idi 
JlcIj^ J^->J * <Ga i/oSLsJI (^ «LLai-i (>3 jfc .- I La a. ? i-j$3j^j t pK"U LjI^J 
4-p. I Laj (jj/LJI (j^_i (Jl_Laj2l (jl 3_oL«JI '"'I t\-^.\l 1 1 (2h°J .•" C"^ (c£L>o 4 ^a ' 

. 7t j <<tjHJIj jI^SLlII i 1 1 kjj Sj_jIo 4 I ( ( lit 

dis-) j SJVjJI ^yJISm j aKTcII 3j»._jJjSLujj ^1 Pay j-o>S I -6 J£L<i ^ 
lIiIjLlIcV L(lexical) j h_xj^I^1II ^l (Sysyntx) j i^^t!-^' J^-Ij^ (jJI (course 
ph (Phonetic) j iSj^j^Jaj CjIjLl1£.V pr (prosodic considerations) j iS-ujjsjla 
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tjclVhmUl *lSiJI 



Uj 1 4 La J >i II e I i a j uall Ej i/c-LSLj-U JlJ£. (jJaJul jL^jsJ . A J i Cj I xjj-i^a] 



.(jj^g^ S ja't 




(6) 
Newell (J^ 0-°) ^j"j ' ~^ iUL^jJ! ^ >J>J (jr^' CjLaj-uKjl,! j~«; (l-6)JSLti 



Some speech-recognition programs 
(j-fl f-LajJI Sjlj^j (ARPA) 2 aj aoXI ilibejVl fjjjLji 3Jl£j cJj-a jJLt 
(1976 - 1 97 1 ) i^jI^-L^ o-"-' 1 ^ SjIj^Oi-ol LfcxUjj djSLijjjVl SjlsbjII cjLV^J! 

7j_aLjjj r-Lli! jji i " . -a- j 1 1 i_2Jufc (jl^J J ' *•*"' 1 1 A^£U! (_,lr <_2jJlill ^^3 li^-ie-tll 
(_gjJLl (jjjj_oLJ3 Jt-^lj (j-o 41— til! <^e-Lje.i-a (Jju>JI (J-lLso (_ji^. J-iLS < k uLsell 
VI ( _ 3 _Lcj 3^jjLj;e_o CjVLjc_o (_J3 (J_<jj>JI j-uajc uj 4_«ii (—ill ^1 ^>- -" i aaJ 
Sj-C p j|^ mi 1, 1 \j-tb j^C 5tjJ JijSj . 4jU,u *j Lag 5j_OUj_JI I Laj> 4 j i ii | ,_£JlJUJ 

LiilaSj Bolt (Newman) BBN iBeranek and 3_£j_<5J Speechlis L^la j-o!j-i 

3j-«L>J (9) HAARPY (8) Hearsay(j-a ^r ,,,'t Isjlc, i l£ > AS\ O „o;\ HWIM 

System Development «_o Q^LdlLi SRI international CjjjLs La^ iQ^Ilo ^ya-ujl^ 

(<u-ol-i L*-aLJj_i a t_j (_£? S^jji i^jj^Is j SRI SDC\ ^oljjj Corporation 

.Bell Labs ^ 3JjU-« JU^! i^JLLa c^Jl£ Lt£ Dragon 
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Centre de Rechareche en Informatique de (CRIN) in MYRTILLE-I and 
II Laboratoire et de ^ ESOPE ^oUjjj 1 Nancy d'Informatique 

^Mechanique pour les Sciences de Centre National d'Etude (CNET) 
°% 

(17) 



Lannion des jy-aLij-ij IjljmjLa 3_»_aLaj I'engenieur j^aLijjj KEAL 
J^jJj^lj ENSER ^oljjjj Telecommunications 



Hearsay « JaC$ J**l £Lj«A ££ >■* 

(j-a (_p aI Jiitiul (jl dlli (_ t Jl*jj I'LLajji _>££■ '*-2i>ka^ TJ-^LjJ-^" I Ajfc (_L«ju 
(jJI 2 j"j La H) i>>L^! v^j^i (jll! 4_l3L^^I u^La^i/LAl! S-JJulLU j.>LuaAI 

jJsj «3jjj 1 iill» /r^j-a-J Hearsay-II ajlj-". ajg jjLx^XI (_^sLj ^c Jjjlaj jai 

(Jj^jj «ULi£. I /Jjlli (_p~ 1 nj ill Laj U 1, 1 j \\ ua a (j-a j Jlj^ia (_p (j2 dlSjS tyQ-m 

. IjiSjij (_JjJlj>JI 4xjJlC •» j 1 <aj (_ylll jLjQill 
SjLJuVI ,0 1 ■ ■■ ?"i ' L&Lj.}| I Jljj A r\'-K-a CiLjj" 1 .it L*juj J-lLsejJI J_a^jo 
3 _;"j loJI CjIjl»-jJI ojui - La ~ ja3 segments, 3_i3j_t*3 <J1iIjl».j ^1 2 j"j . ^ I 
.ol a K ^1 x-LLSll oj-tb -1 La " /«j Possible syllables, 3_LSLaJ,l *JaL2ll ^\ 
jLpi.1 joj JlSj .(_,lr ^?1 { £jp-uA\ (_y3 3_jJVjJlj 3_ljj^I^1!I LliLa^mi a JlJ-"i 1 nlj 
dJb^jtil ^VjJI (JJL>JI (jl f-°J '?? 'J ""I ,* t ^i> =e -^ •—■ ''jW*^ P^LiJ-^' 

(J-iiLaJL! I Jl^v «LaLc ^J-^ 3 ." ' ' "*"' " .' ?* " ' "J ^' *1 •• AS iS T 1J ^ * '^ a 

. LAjLoil jI^j (jjJI 4j3jir->ll oljLu.VI 
2 I ^" ... 1 1 j \l ,^.11 ( j J a jjjJ Hearsay ^_aUj_jJ aL*JI <_*_lS^I1I tt a 1 ujj 

( _ T i 7j_aLjj_jJI I Jlj* aJljJ-" 1 ill Jl2Jj . La SJSLiia <_L-v ^^3 (jjLtjJLl dl Laj U a 1 1 



^-Jliill (_Luj.ii (jr^-f jitijji! jJlS .a}LUI ^^k: <_3jjlxII ^lC. (JjjvlcljVL^a 

3_uL\!l 3.J- 1 11 ill (jLa aj a j La.111 2 j-^j (j- ,? -^Ji^' jjlA' ^>>- c?^ (a£!j>JI 
\'j-A, Jjl i" I uij i«j j j a. a I La iS")) LgjJI j La o La LJLc Hearsay ^_al_jjj jjjj 

Myrtille JmSjn* &§jm* 

(jl I (Jjjj-lI (jSLajj . Ctin jhj-^j (_, i ntu «LtaL>- ( _ T 3 2 , I (_Ljjj_La ^jjlaj jaj 
(j_a IjJLc Lajij-" i ii a «Lj£. Liiaj^a I CjLiJ (j^ '^^>- SjJJi^e^ (_La->- (_r^- L -*>*^J 
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Top (J-Axu 2 ^Ir ? £yl LoLLiJ 7j_oLjjjJI aJlJ-"h ujj . 4jU,I jjLajj V CjI Jij^il 
/nlr ^IjljLo (^ 2 J_uj_Lo iaJlJ-" i ..I jJaj .i_xj^l^l!l lr LK Jiajjuj Down 

4_2j^Ja 3_aJLa-~ i na i«Luj/Lj/I JaLaJ SJlC (j-o 4loj>J! ( JjJL> > j IJljj (ji I J IS i j 3 

I jA,^; , „^-,tlj HWIM ^ 5-ajLJ-"miU ((Islands of confidence 3^111 jJ^-dJIo 

T i ntlj 4JLL1I0 ( _ T 3 j U " , ,. ( J J i 
S 1 JLc j^Jla 4iiIaJLq ^^5 4_peJj (JiJ-* 3 A^-?" J (J ' q~*»» I J ^ ' '■ (J-A 

Control strategies /oSLal!l v^jLlsejjI^I^I 
J'C i"i jJLc (J£L«Ii ct^- Harpy^^j l_<k /^_oLj^j ( _ 3 -3 cjIjj-o^I (Jjix-i f£±$ 

l_<j_Lu 1(JjlaL>JI J iiaAII ( _ T 3 ufel iiii<ij (_t^-" *jj-»Jll (JL2jjVI CjKj i"iI (^Lu 
(jl^SLill CjIjj-o^I I JjS Jljsjj (jl (3^>-«-i (_7^J' *l nl'-^JLl CjIjI mil (jjjl^^l (JiLfl-i 
^^Jl J-i-ajIJI (^ 4LiJ>JI jj i "*" 2jl or jJLaas a I Jl^jj .CjI oKII jl » U I S 1 1 

*1_LJI (j^ LCJJ py_OUj_JI /j La »_' dJJij .(^LLil! (JS, i"ill /y£ J o" mil jl I nil 

J^inll (j^ <j-"J-I o^ olj 'Sx.j-tJI ^p-l-J (j-o 1976 -1971 (j^ Sj'iritl ^ Arpa 

4_pt_ul^lj_ul LajLjr" i na (j^_a_j1 ^^Jl jl i ihII [ j-* (J-*^>Ji ^^JjLa jJLjc-IJ . «U_)JjtJ 

V LoJlJ^. 5_Lje-Ljlj"inil J'^'ai (J3^ "^ ^ ct-^'j fan-out strategy 3_p-j^ 
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-4JJIJI jj-*- 8 jlSLjjl tlaULIa «L25JI (jAjijj dJ_«j>JI (j-o L^JLlLso j<u t_^A\ ^Ij^vVI 
jLuijJI (j-o Lol (Jj^i-i (_yJj «3^j}-->->>iJ- iJt!-^ ;e -'-'' <* Jl 'HL9 "Islands of confidence 

SRIXSDC J 2 (JjJj_lo ,j-o (_p Ajiir" 1 aJj . jl 1 ihII (jJI (j-Ut-JI (j-o jl (J1_o_l!I ^1 

Cil n IS II jl_iIL>-lj i i _ > ii3Lij (_gJJI f-jj^s^X\ (_yl^. oljILiVI 3^P t — >L^*Jjlj'J-'-''l 
(j-a l^=J>a HWIM J-olJj-i ^Oitluijj .^JVoJI ^jluiil (jk: VUla-l ji^'^\ 
4 IS /j I c <_2jjLL!I (JjL>o (_5-j-II ijj-ijui 4_i5c_uI^1<jiIj «Li3Ljjl^pj-uV! aJJb 
<j-uiL>ol ( _ T 3 Jjljtlll (ji jlj o" 1 n VI joj iCjI oK 2^.jji5t-o (j_o (JLUjI jl 3Jl>-Ij 
.(J-lSjJI (j-o 2-j^l^ 2jvjja L^ji^. t_2jjL<JI <3 fjlill 2 «iKtl ,j-a Uju 

2-jJj-o ^^3 4JL> (jjfcljJI cl<J3^JI fjJs a^I£LII ^Ir i_2jjuJI 7!^\j-i *l-ii jj-<u-i 
!_!{ 1 11 II (j_<tSLjj . 2_i^iSHI 4 j » a-J all 4-kltl (<s-£2 /j_olj_i tl Jl (j-a j-£&-i cr 1 ^ 
l_4-« 2 j"j '^ II SJL-ojJ! JjJbo ^ »Lta3.Vlj (_^i3ljjjl ^ dlljj ^^-cu-Upl 
1 Ljj-laj 1 1 tajjl 4 j 1 11 1 (J_i_L2j (^SLx-ij .(JjLajJI l _^ (j-uLJI (»JlXJ (_yJI (.f^Ji 
.4 I j I ->o -llj-ll a^I-SLII £jju3jjs j^c «LuLijvIj_ij 4_JVj CjLojl»_a a\ Jiir" i hU 
(2>S—ol I Jlj • -ijj^e-o joJLc ( _ > I=l^j3l jl aLu-&VI JLjc-o JjJLso I Ajfc i_ALajjj 

(Jl_2_<_<_u I 1^ L^j ^jj^o cjL*J3jj ^jJl2j «LulSLol ^La (^^l^laVI I jjt Jj .;*•*- ' 

VI .jl j'rVI ^ JLi-Jj ^ylll 2j"j'^H oL^ljlaVI ,_£ JLo j irVi^cJ dil j Jjj 
2-jj < I II CiLjj" 1 11 U (j^_j (J-CuSJI l j f js pJ-iJI lAjk JLLd " J(j 1 nil (j-o (j-uJ-I 4j1 

.anl'-^JLl 



/. I r i_3j_«JL!I 2 -JVil ji I jl^K'j 2 ^."j ,^11 Cj Laj U a 1 1 /_lS A (JJ^o J-«-»J 
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>Jl\sUU 4*4$ te*i ^*\* 7 






Ji£.!jJLi JL-ajVI (j-a (jSL-tjj (jl bul.S J i^i'^al £yl 
4_caL>-j 1 4 j < j j la 4j(ij Sj.iaJ'JI ^ aia ' »l jl CjLjLlJI 

. 4jl>-LlL>-I l j r c ju±xju1\ ( _^ AIuujls *_o ^_^sj\jCu JuS 
(_£ JJIj i«j-iL»JI » - taj ' 1 1 ^_j£. ;» JiitlxJi,! Ljiajl tiJLijij 

( _ T J-!I 3jLc.l_jjJ,l CjIj-II (j-\-i ^"J-p' JL£.ljJ9 j_j i n i-i 
j— i3jj] J-°*l '.'."" ^Jl^^j •' ." "L^l 3j a ,^ '"-"' ' "„' 

natural- language-S-jj-LjJaJ I CjLjJJLj S-j-Lu a^alj-J 
Ajuj-"i in U oj^-i *< J-<^>J.I (j-° «LJI >* interface 
I jufc ^jlr j CjLjLlJI SjlcLs 3_Uj (Jjj-aLfllb 4jIj-S ■ ^ 

i-dLL^a JL>- (_gl (j^-j . Jlj mil jj inii'illj JjjQI! (j^ 

«L£j jjjJLj ( _ 3 -3 aJlJi-"i i M 1,1 ^^JLLj (jl (j_o 4_uiii- 
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UaLj^v^l (j_o aJl^'ii "1,1 (_5-iL»J Ll&j . «GjJu3 itjsl^jjl /^ (_JJljuj Ci bv i "i i"i i ulj 
JjJlaJI i-LlLuij . 3.JjJL>J,l 7j_oLjjjJI CjIjJlS «U -" ■ >>'*■" LoJlJc^. ^LijjiVI q\ jJiSj 
terminals 3_j£jia oLLa^txj jj la *" scj (j-«-a L<1*JI 5j 1 ^ V I (—jIjju (Jj^jJlU (j-o 

C-u nL>Jl jt_oIjJ ,_jjtjs=_> t_j£\£J\ AL^litzl aJjl! L$J (^4^1 JiielL-ul j JoJ /a^jjlSLo /^ 

(Jill ^^lc c^jljj menu-driven (ajljJOl <TjIj S^JlAI j^oIjjJ! <jl dili ,«3j.}j» 

(j^>- ^^JS 4jl_Ui£. Cjl_l_J^J 5jJ?E_tu (J^L>. (j_« aJl^"i i nil (J-4-*-) (ji i 1 1 kjj L^_»2 



Interfaces at different levels: :4dJnA^ I mL^nmII i git mLmmJ I 



J i ajj (_g JJI ^^jj/Lj/al jT_oujji! CjLajUll SjlcLs ij4-^ cP- 4j12SJ| (J-u^LlLII 

aJLJt" i ii U «Q^ J-JJ<J <-<£ ' ■ dm (Jjjj>o (_ji£- «U-LlJI /t_alj_JI OJLA (_L«JlJJ i«U 
.tix^tjJI j-oLij-i «uilalj (_£jJI J< Mill ^1 SjLjiJa 4J JJljJ (jlll 3-2-yJaJLi 
«Lj_u_J1 ^_al^_J1 I ft^Jjl : «Lj_u_J1 ^_«1^_aj1 jj kj (j_« (j^jj" ' " a *-^ Lp^ * '' ' "3 
(JS i"i JL>-Lj (JjiAIu dii Jj JuSj ^J ^Lajj CjL;tji x-jjLiko (JSjIi ( _ t 3 3.3^>-jJll 
i^j-x-1 pj_uaj_o cJljLo (_y^ ^^jQJI |_gj~ i m U /y_oljj Lai i4jjLajJI CjLaHill 
. CjIj ii ii 3JlC ,_,''•"' (J-l3 *-<-ulj 3'-^ aJ (j-^ J^J-^ ij-li 

: J#* '«$*-*' ©•>* 

: «LlILlII f-ljj^l (j-a i"»ljl ,,.*", ,,M I — a 1 1," ( _ 3 -&J 
(j^d Liili JLloj n2jLvLlIL-ul i^L aLlSJI ^.IUt. V (jlJI oljl nni'.nVI - I 

«S JjjJ-o *_S3 3-lj.i (_gl 

tCjLlI I l|-»JI (_>^1*J C-J 1-^""' (_yJ-H Jl CjLv|"li"ll llVI (_>^«j C-J Laljj (_yJ-H >-£JLl3 -2 

Vj SI jnl-QLi^ ^1 (j^Kjjj (j-o (Jjj-o^J jl La-Si I l#J3j <" . aj (_ylll SjJ.1 La JlLa 

(Jljjjl I jut (J!Lo (_3-!^ 3-iL>-^L! «Lj£l£ S^ajlLo cjLo^Ll^ ijJLui ojSLj (jl (JjiUjej 
jl j^j-j3 (jl (jSLxj (j-CJjJl^ (_gl (j (j Lu 5^1 1 n U (jl (_L«Ij>J,I (j^ ijSLIj .j-tuL-La 

^j-aj-Jl f. Lla^ j ^jSLx-i < - » I j I la S 1 1 4lCj-lu < la - '-j" rt ^j^, Cj Laj U t, 1 jj-«J t< i i n>j 

.(j-GJjjJ,l (j^ 1 jLLaill 3^L->-j <^j Vi i ii"t Ji^ (_gJJI (j-jJ; ii'll 
^^jfc La (JlLo iCjuLlJI 3JlC.L9 ( _ t 3 S^^>-jJkl CjLa^L(J,l l j r c dlljl i "^" i "I -3 
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^ a u j ^ ( j^, 3j^vjJ,| cjLoyL«Ji,l ( _ T ji La S3ji£.Li!l L^jjiso <_^>1\ cjuLlJI (JjJL>. 

-4J3jjti,1 £ijj Lao Cj Laj U 1, 1 (j_a pj-"' 1 Jufc ^oini (jl (jS_a_ij S4_Ljjt_a CjL^-tu 

,-,ljl , „A~,„VI (j-a^j" i n tl I jufc ^^lc JjjjLJ^^lII j^aljJI <j-aj .metaknowledge 

Sa Robotintellect (1) Ladder (2) phir- (3) 

CjljjJs f_j I r 3_jJLlJI CjLaLiiaVI j J LaJ (j? *J3^ll,l (j-a t c _^_jLlLj 1 ^j" i ii U 

:2LoLiiJI 3JLJLSJ1 v^jIjIxJI ^ Jj^l ^jlxJll 

5 I j " I VJU j^-l j_i^iSl jjfc La» ,_p_a ^LiiJLl p i n" 4 l*j i ii a 4_p j CjuL>-! -I 
(JIJjjJLs Sa 1983 aLc 'L>-jJ (j^ ' ni~*-J 4jLa 3jlj^>JI 'L>-jJ CjJju ajj jci SjJ, 
-Ajv^Lia 4_ufo 4j_)-^>oVI jL^J'i/l Jl^Jal "tcj^i^a (jl di! j i«U ^^-i-K-a V Jj^l 
d ^ j ~, * n I j ',< tj S .JJiJ*-aj i_2j|jj-a j^J (J^lal (j*^ Ly^^'l Jl>JI Jiic sLflJJLa 
jJL-ol (j-a j i^i°ll j-^j i_l!Lui OJ^ O' ' -^ Jl"**-!! <j-4^) i^-S^I Jl^J! JJC 
JuSj . jL^J^U d 1 1 nilu 3-aL$J! Cjl o i nil (j-a (j-u-J ) uajJIa . (^Ijl3 (Jja-cu^ (J^la 

J J ' '"**"' 'I .' 5Jl i nil eJ-tb j_L<Jj£ (J^J- 5 
Cjljvj^ Cj>I **■ t n ^j^ se fl * (_ 7 _jLLj1 (Jlj i nil (_ T 1^. x-aljaJI -" la * rt * 't!-* ^ 

- j_)jL? JLob jLil jlsj i« jl>jj V»3->LvV! ,_,k." -"' ■* 1983 aL*J3jIj^>JI 

1 juk tjlz. 3jLv5U 5LJVjlI<j/VI 4-lUjl!I nn h aj2j V Liif (jl\ Daniel Kay ser 
i>ila 3->-j^ 25 (jjk Jlj.i.itl ^ 3jj£jJ,l Sjlj^JI 3->-jJ c^JL^^J L£ Jljmll 

. Lcli3j_»-a *!jj La a Jiir" i ii t Lul til! j 
(jj£j Jl3 4-iLjjLa^J jojIjjS .- 1 Lac I (j-a Vjj 3j naaac^a CjIjLulj SjLv^I -<_j 
52£j Mill SjLu-u a JlJ-"i i ii j 3 i ii i njll (_y3 (j-a» (Jlj i nil (jL^^J ^liLoi . SJljLs (J^I 
f.\ n i nLi «L<ijL9 -ij^a-a (j-a ^iiS I CjLayLtA /, La »"' «4-)Ijjj jjjijjjJI » SjLiC (jL9 

(j_a J-J^l /T-aLJj_iJI aJlJt'i i ii a «_a (jjLtjJI 7-j|j j J LaJ CjuLvI p LLaC j --»■ 

2 I s ! in^l j-jLXLi dili Kaplan (j^LiL^ 7c_cb^jj Jj S-j Laj Ll^j^v Ji-l2iII 

-.ajLU! ^L.U.VIj'i 

(jLa-ILal (_y3 '/. I 5 Cjj_a j-j^I ,_, 1 c I j I i a a. (jj jJ! cUlLaJ I /s-ii (j-a : I (jjj 

SaI983 ^ujj,^ ?Lp.Vl 
Sa 1983 aLc pLp-Vl zoic ^ ^jj-oj cjVLs. ijJLufc clu\£ Ja :2 ,jji 
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•*2 E 



Sa 1983 4-ujj ^ >Lp-^l aI^. ^ (j^auvLJI 5.IU1I jj^ ^ : 3 QM 

.Ja.1 V:3j 

'•j.i-1 Vljj-u (JL-i-uJ (jl jj-Sj «Ul3 iSjLv^I 0Jl$j (JjLjJI LjvLJj <-'J*»> 

Sa 1983 ^JJ (jrS «Lo-l (jLstLa! tilLufc jl£ Jjfc :4 (jji 

.(SjIOjJI £yl U»"t jl <jSUj q\£ 3-iLa-l (j-Aj) . V :4 ^ 



LIFER: jid* :4m«JI 5*Ij«JI *Lj wl $4t *»f 

v^jIjjV Iju.3- U-ij^J-SRI International (jr !k jj-la (^jJI- «j_ajV» jl«j 
2 it\WI jl cjULJI SjlclUj JL-a3>U ijjLjialaJI i2jUJJLi 3jJLuJI £-o!j_l!I *Lb 

^lll ^till JlcIjJS JjJir>o ^jlr aJLJt" i ii U JlC.1 i n* I Jl»- SjlsLJ^j^jso I flSI laj 
1 4-jJt-j-jJa 4_«J ^^-S 4 \ *r i ii^l *_u3^I L-uL-ui AjLa-"i i n"t (_j-&J • I J • ' *"*_' (j! J^>J 

Jlj in II (jr Aj£j^}\ JSLJuJI jJl^cj template <_JLJ3 (j_o _^ej 3ji£.LJ3 J£ qj£Zj 

SJlClLs ^1 Ji-jJll Jlj i nil 4j JJLLj (^ jJI J< iSJI LLao rji=-o t-JlflJ Ji-jJtl 

■ la a£ Jj^l (-JL2JI LlA Lla^jj .<JL)UI_Li)l 

^yjJI sLj-Jo^l CjVjJLo jjJl^o dlli (_yijj t lr ^?1 ^jiuill (ji^. productions 
(_^ i - < I \ . A 1 1 CjLaKj Ll^Ho i LcLu ^.i^l CjLjj"ii nt, I ^j\c j J laj (j? (j£L«-! 

When will Bravo' s sonar be operational? 
•.(Jj-k oJju Category 3Jj_2ll JjJ^o o^-s-jj 

■ d I j n 11 4_nlL>Jj p^'l 7-j_ud^j /. la «J 4_4-»L9 d la i u| aj -I 

. ( l jL^/2i a i>/ t _J£) = -.(olfcpO 
I jui -» j i ajg .d'iijii-*. jLpi-l i—<jaj (_gJJI ipredicate Jj^u>J,l 3J — I^j -2 

4_Lc j_u_jj I j j i Hi IjiijLA 2 1 j 2 1 1 1 «LxjjVI (J^Sj LojiJi^. (_5-<kj 'lO^*"' £ '- <l ^- 
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, CjVtim tjjz A\ i nli ii ^ U , u |«j LjjI^Sj -3 
3-^JL»_a lr-JJals/1 u \r La Jo- Cr !j-43jji3 ^Jt, j-ijV l2jIJ_lo Jo. I (jl 
(jjiLj £rj-*. 2 -^ al -II 3 IriiiVb jjiLo 4J3>Lc I JL^lj .^jjoJU v2jLj^1!I 

«L<jJi [j-tb ( _ T i»jj i^LiII jtjLnll ( _ T a L«s (3jL<-o (JIJj-u (_jJj 4-l.lo.ij3 SjLii! <_dLufc 

J t^MQdl CJ3~?" ' "- 1 L? ? .' * (*^ ' (J"" 

. 15500 l_<jIj 10324 ^j ■ MAj^ 

<P> 2 . , %. a 




when 



<equipment> <preposition> <ship> 



<state> 5JU. 



3jl jl^a. 

<article> <device> 




<existence> <good state> 



"f 



Bravo 




the 



will be operational 



SjJjulJlj IJ_ifcL>- ^Ij_! yu^uj tjjN j i ii jjj^i" * llj^.1 Ojjctjj 1-7 ^N i"i 

j (j)j i ii i km cij L>- a : i^u 
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.28750 .t_ulj 31416 *Sj i_ik^a 

,-il'a \lj "^'-"J (jlj '"»•*- VI La-Lal i_2jju (jl a Jca-'i . noil I ■ V.ji j A»V ^r p i imj 
JJLa-i dJJjUj iSJVI (_y^ CjLjI j j II Sj-cLs ?Lb 2 jn_i^ iSjjtl, /tL^J (j' OJ- 5 

•.^Lill jI_jj*JI dJJj 7cj^3jjj LJl (jjjj-aLiit! 
.(—jIjJJ IjjJl>- I a i nl <(3Lal£La» 3 oK JjuaJj : aJLJt" i nil 

S (j_uj^>. (j_u^_L>- SLbLsLa f-Lp && : aJljt" i nil 
. (^Ljl^JI ■" se i aj) SLaLCa-SLsLCa ".j-fljV 

. 5000 <_ulj 26 1 828 ^j .Jili^a 
j-iiajj t ^LADDERMNLAND £-aLJj-i jJ>^j ^ j-^ ^aiei^l jlsj 
jr-auj-JI I JJb tj/js jjuus JiJSj i3j^e_JI (jii i ntu ^ 2 1 »"■ a CjuLu 3ji£.L9 CjLayL»_a 

4 U I il^ll p3-J L»- J3-4-I (^yJj Lo-l3 ,_p2JJlJJ . 4 J I iltj-fljlj SjJjJJjJ! (j-Cjillu 7r I ill 

./sjlJ-SSj-oI^c. pj-<-ul L^jjJ 3Jjj (_jl 

,,<uij *5 34-00 N 43-15W *-3>a ^1 J.^'t Aspro j>^t 3>» :; -^ t 6 ^ 

(<sjiJ-Sjj£jJI ^yJI Shark t-djLi Jj-u (_yla 

./cju-S^jLlLdI d i no"^ (j^. JlJ^j «u^_a^>- i"M-a- t n 4_jj^>ol (j a • •• ^1 

.joju-S Jl"» jl^lj L#J CjIjjLU «LLaL>- (_£l Jl>-j3 Jji 

jojlj ^Charleston qj" ' ntjLJuj <ijnin jLJjjj/ t-^Li^sI (jSL«-i (_jj-a 

. ((jj"i 1 nljLiuJ jl Jlj t-^LgoI (jSLxj (_yJ-a» (J'J-^u jl i^i"i->-|) /oju-ljljjljjl 

.(sjlj-S dJLuLuLi! jj^j "-^jL^-* *"-y-° v 1 ^' J-* '- a 

, *zju-ie.\^lj-u 21 1 ' Iaj» (JLo-m 3.3^>.j_a (j-nj-u (_£i 

. (S 12-5 6 N <-;-!j-t»- Sj^vj^ (jiii n (_gl jL-aii-l) S 12-5 6 N "-jj-^j- 

(j 11 j I « 4_jJ_lL>oI » ^2 Lui (Jjiiijj jl .^."-^Vl (JjLij «L2jjJa) 2 S4jJ_lL>oI 

*. Lai (_ 3 -tA-l (jl (jS-4JJ (_^)ia_«Lc (Jlj i nil i((^_i^j_a * )j_l>- » i t-jS^p ^j "" i L^J 

: jl S5jJ_lL->oVI (JjLcuJI (_yji La 

(S 12-5 6 N t^j-b. Sj^vjII 5j)ji>iJ^! (j-o-cuJ! ^yjk La 
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^QJU-S (J^- L^ K-LU 1 ^JjUl LIa^O ^Sft-U (J d I ■■ ^1 

I j I j i a j j-Sjjj (jrn ii (_gi» jL-aHi.1) /oju-S Le Havre ^^Jl L^Jjj-oj fAA? 

5 Havre (jJI 
dl! jjj hj^-lLlS (ji_pj^ 2 'j LL< j '"'IjI .^"-^Vl (JjLjj jy-^J-o f^j-'y ' a t\^.\l ^ 
Le (_jJI L^Jjj-aj p^JHz! ^i>i^ o*'" (_gl (2>c (JIJjjJ! ^1 jt_ouj_JI j la u V 

. Havre 
./oju-S (_yuS^3 4 nii i nil (J^Ljj jor (_, i l^ r I 
. joju- 7 j)j_aj_u I 4JuAi-tJI <_ T 1^. ujjj inU i la >l daJI ^j_ul j_A La 

/CJLJ-S(3j LLd (3^-** L^i ^-^tH-^ d)*-*-" (J-* t— £^3tiXl Jl lull ^Jt La 

/ojiJ-SFall River 2 nnmll (j^. u-u£>2 Sjj^JI juj jjk La 

.(SJU StljlL-uVI da-a. (Jl o i"i Sji^v^a Zulu-5 jlj-la (j-o 4iJ3u (_gl 

.*. '"N^jj ' a ~r J~" '^"-^N^; '^ a <j-"_J^HJ'-^ "LLuLjJI i_d_p3 (_jj-o 

^ajLJ-S;j^_u QJ 1 (j^_a^_jJ1 ^^3 ^Lj^J jjL>. 4_Ll£j_u rMCff-" i n (J_& 

/a_*_»-S(J_aJtU 5^_Al>- CxJJij^i <LLu2_cuJl ■*■ j ' aaj <_ 7 ^-a 

^cju-T I J ' La a a ^ Lt_j_a J-& La 

-S.U , ,^",t I { j^uj^\ jja_JI ( _ 7 ^ I J '" a (_yl^. i ,'J.'t^ "-^Ji Ct-^' (j 1 "" nil 2>lXc ss£ 

(JL-aj^L! 4_L*-LiLaJI CjLiilu «LlJLo /^aljj L^J (_yi!t lO^^*' J^l^r' (J'Vtj- ^ 
(_^aa3ejj (JjjLJI 5y-aUj_JI «_a Lufujtia PlaineS, j-yh 5j-aUj-i CjuLlJI 3 Jx.Loj 

uL-' J ■' 
^^ I^jLi^. 2l x_j_a->- ^_^ SjJLJI ^ya «L>-jjJI j'-^' pj-tj' 1 Jufc ^_al^jj (j_u_uj 
j j c j d j * j ■ Laa j ml i q 4_ajj-LiJ L^J «L>-^X1 ^Jlj ( nil *-c*3J Llua 1Jl;L>- (J-ajtJ 
SjjL^tA j_j£. 4 I'll i.al (jj^ LaJ^. /j_aU^aJI jjjijijj La jjLcj-<-u (j^LIj i«UiiALc 
tillj-ij . J-aX. (2>^ J^H^aJu pLajiU aJlJt" i nil (_,» i n j LaJ^Ji^. ji i«LiiiALc. jl 
'.(^yjVLS (JIJjjJI xuus^i ZjJUfjlai] tLSj^iaJI QaS3 
S cJLajjij (j-dSLilj^ CjLa (_ ajS 
'.(^VLS f-^3J lij 4j<jjU ,J^I (JIJjjJI A^jjls (J3^ L«-Lu 
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l^jljjus Cji-i3jj|j (j-dSLllj^ Cj^a '.'."" (J-* 

:j_uS_i 4j»jjW (Jjal «LlIL1II <l2j^LaJI (JjSLj Lo-'i 1 

VI o jlj ml (j;j j I -vJVI (j-aJJI aJiitliJ) 9 cAj^jjJ O^-J'j-^ ^La I^U 

Why did Franklin Roosevelt kick the SLajJI (j-c >j-«_iJ ^^-aLc «USLIj LtjLi 
. Q&^pll .c-i iiiLsJLi J£l uia Jl .n'uiVI I jufc Jila i . j i ujg bucket? 
^^lll (Jju>JI JljjL*3 «L>-jjJ /j i^afl! Jl>- 2jj U;tl 4_l>.|_J| ( j^ ijJLui (jjijjj 
3j " ,' J— ^>J O' (j-^"-*J (J 'J - " 1 lS'J ' I (j "j>^- *-"i L?j"' ' " a jl i(jLcu-!^f I I g I j n\ 
-^^xLlJI aJiTiII (j-a 3_ufclj_!l 3JL>JI ^^-Jj-a-'n nU (j-aj iljL»- SjJjLC 3 n I" Te_a 
.jjlj-" i ii oil S^SjjJi,! Cjljl_ii>-VI *-J-<t>- (JjLuJ < < i nL>J1 ;T-ajjJJ LjJjJ jl 

Some Immediate Possibilities :<L<JL>JI CjlJLCaVI (_>iuu 
U I j Lx-j-Sj i3_j_»_<-j-LsJI CjUUI - j "» 2_iiii"il 4_lILv LiLtalaj 3JlC ijJLui 

: (IO) Waltz (j^Jlj Uo^l (^11 ol%ikiJ| dilb a^uLa 

jl r-Lla.1 liJLui Jlj La (jSLIj n^jji.V 3J<J (jjO <Lt»-^l]l ^i SjLcLcuil - I 

. ( )jl I n^l (j I n'ie-ij ^aj-OJul J^eJ (_^ «u jl ^-^>-j3 (jLcujVI *_>.1^_) 

l^jLflJI » j U~ . uJ L^-La (_ T lIlj ' I J i^j-^I'j (jjjljjJI «<>££» (_ 7 1^. SjjJLlI -2 
I j'"* CU^g-U ( _ 7 jJI CjLa^Lti.1 (_,i^. (_£ji>u 4JL3jJI CxjLS I jl La jj-2j (jl 3x.j_cuJ 
A^AJl (j_a «_L^1jILa ^j" i n a ^1\ LuL>- 3j^>-^X1 ^_al^_iJl i"ili n J Jl9j . 21 a! 
(_JJljuj La Ij-iLjj i-i^jJS (jjj LaLc I jj'a (j^alll pjjlsj^ U3^i Cy-*-" CjVL>JI ^£ 

.keyword searches S-p-Liill i^jUJSLII (jc lixsejJ! 

JojjJ,! J_<J_*JI (j_a J-£-}£ jJ^ «l-iLj ^j^j .^ i tl jIJlC.1 j_^ SJlC.1 i nil -3 

S^Lcl 7-ljJlSlj 3_jj^cJJIj 3_LjLa_^JI --I U-^VI jjc (_iJuSLII Jila (j\jL»-ljJi,Li 

.(^j^alll «Lj£.jj (JIjji^o i_3Jl^j 2 c Lxx^JI 
4 i Ll (_>^aJ (_yJI Sjjjj^s dJLb 3Jj^>J,l CjLajUU (Jjjjelj i^LijJI JjJjJ -4 

. *1^_iiJl ^j_a 4_i£.jj (^1 i (j_ul_b (_^>- » )^1 1 n*2 1 (_^b ^SL^tjJl jS-ajJ ' d j * j I la 

i3j_uSL!l CjuLlJI Ji£.ljii Jl .^."iVI ^^a jcSLxjJ! JlLa 4 ril'-^a '"'I JLuJaj -5 
4^JlJ I J * c j-J-«-a uliLajJjLA j_j£jjj < ^ c I '.^tl ^Vl (jl i n'tVI (^ /oSLajJIj 
A a_la-JV| ^ La . u|jj i(?tJI <Lul '^- a 1 4 j j U) 4-j^a-i^aic3 (jj^LLa (^ Sjj ui 1, 1 j 

. 5^_Li>JI 
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J ua^JI (^ I ggJI jL"J.I £."*tl ji tix^tjJI 3^>-^ 
liJJj jLjI JLSj 2 1 1 a fl i 1 1 J-a^-JI fa^a J^. «_iLJI 
^^Jl q\ i m iVI J m Ja-j (ji jJ-b VjLS ".(J^l Mia 3ji£. 

i<U-3 jj-j (_gJJ! 3^ J ' " ^ dv^ Jj-*-^ J-*^' (_Jj-L>>j 

^l*j i ii^Ll SjjiL^o j_lC CjuLvI /-laJU La Ijj5£ Lul LaS 
^LUI jl^JI ^1 MlajJ^I 

Sol j i" i ii U ui mi 3J| (jj| '.(jjj 

£)] j^^^H^l (J-U-U MjJ-11 ^^V Mill (J I TC-L^^oJl (J_a 

j_aj -ol j i" i nil jjj '^~ 3JT a! jlct-'ii nl joj (JSLtuJI 

5j |Q) . >> 1 1 i (j-u_jj (j_SJj l^-J**- (<•> (J3^-l J^9 771 I Tl i nl 

,j-a (^SUlj (jj 3J}U SjjiljJI 3JUJI ^ <Ljfj -til)j£ 
J-l£l Sjj 1 uK a I J "' I J 4_l^a^3 L*UjJj i Lg-alaj-"ii ill 
(_yi L^JLj (Jlj 1 nil 3j-JuL^a 3jL>-I 451 1-"*| (j-a SjiSLs 

. Vila 508 aSj ^aji: 

J ->JI (J j I -a- "1 I a! «"i itVI Lljjc_JjJiJ j_lJc_jj 
CjL9^L«JLi (j-CbvLJI (j-a JJlC Ll!L>- -""'JJJ ,31 ,^A;t I 
i(— uajua2J\ (_ T JJ>J.I d j La »"' {J, JJIj (_>a-iJI (_5-3 4jj i uitl 

V L^JjJlj ^j-lJIj cjIj^v^I ^ (j^jLiil t^ljjuj 
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(j\3jj_<^3 CjLa_i2l oJlj* j j la "' Jl^-Ljj (j^aJLlI ( _ 3 -3 ^jszj La (a45 * j'-^"' ' "' 

-.(jrp-cJI 
aLxIaVI gLa-"j i n (_^alll 3>£Laj « story grammar» 2 .^Stl _sjbJ jj laj *_o : ^fjl 

.SjIj^U (^J-lIJI J<Mlt| j^II 

^jJlJJ! CjJl^JI (^ (j^j " mi 1 1 J-SljJ (jr^ ^L*1aVI J^jiu-u : LcJLj 

. «LLjjt_a i_3ljufcl J^ujjcqj L^jjjLpj (_ 7 jJi 3^?-^' *^- l - £5 ^>-J 

story grammars 4dl§ jll ilftril 

(j_« (j^SIij 4_»_b L$J ^vta l^qajI a la * ti jl ^ la 3* ^ ti (j_« *J ^ 0Jlj& CjI i ii t 

. «Lu-pjlll Cjlcjji^JU (j-O ^1 I nil "(j-O SjLajlII (jjS^J LJlLa iiijl Jl>-2| (j-« 3-1 I nil ii 

(_, Ir j_j!?jj]| ^^3 Propp "-Jjlh 1 jj^ Rumelhart '"'j^ 3 ^"Jj ' j^ J^2Jj 

•" ' 1 S-l-l IJljJ (_,-^-3 •<< t->j i aJ 4-ujJ j_L4JJ La LJLc. (_yil1 isLj^IjJkJI ^ j - — ■ ' — ■ ^ T 1 

lijJLs. Jj-<-u dlli ( _ 7 \j hi JL>-_jj (jl£ au^I CjI j (j-° (*JJ i_r^ nCjVjuuase lujI 

I Jlj* JJlj*_jj i« j J i II cLd-us (_yk. jj i n J [jlS LoJlJI^. ij»JJ Cjlij « ;»L& 

^1 jl 3jJL»J! Jj>. ^1 2 jl 3 ! II ^ Lj-iJ-° 'U^_>^J (jr^ 4£LjjkJ| 2_j£_^K-lo 

S ja iaJLa L^jl (Jjj I . 4JS i~il,l (JjLJJ /yi 4_2j^laJ| ojui (_jic ^LSjiaj LJj . *> lac j a 
SLjixil! S^ajsJJ ^^k. (_2jjil!l jjSUj <tj| (jJliJIj iljL*. SJajj^iJI 3_u_J| ^^k. 
n_2^cl La jjJLj «4Ja^aJ U/ylc i a^jjtjJI LuSLaJ Lx-« jl&l 2tj j . u-l (_>^a-iJ! (_y3 



Scripts <$rijLmJ I » ytf£AiJI 

1>I irtKlj (jl t _3 J ' " lS 1 -^' -MARGIE ^^J-jLo (J!lo LjC-OUjJ (jl TCL^I^JI (jj« 

r-jL>- xJij (_ 7 ^-Ji CjL>-i iTi i n 2m [ j_a j^Jlj£ _}Jl£. <J-4JU aj ^j i ■■ -*_)1jJl ^J L^a^JI ^^ 

j -~ a ~ 1 1 , ,j , ii~j jjl SjJsLjt^ «JsljJ! (j& ijJLukj ii±*je_JI )«_il3j^ 3ju,l 3W-" 
jj_c (j_o J^>JI 3_!jLa_o J I Mi'ql ^_^ combinatorial explosion ^ 2 alj "■ II 
a! JlJ-"ii uLi 2 K mi oil (_yJ>»- (J^>- (_yJI (J-i^ajlUI (jSLol J^J 2 ^ jj ta 1 1 CjVLoivVI 
Cjl£^L«JI£ -i^J^ O^J^J 'Lj-JLjj-U (JjjjsJI JajjJ (ijjjl m i nil jl (_)-aj LajjU S^£Ls 

.2^,,, „ll 
0-° Jj^ Robert Abelson (jj m I j tl Cjjjjjj l*1jLJo >>-jij (j-a J^ o^J 
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(j-o Q^£b jjjl m i nil ^1 ( _ T 3 fl^SLdJ I u — se Ijjj . jjji m i nil ;a.1 Jiir"i i ul 5^-3 (*J^9 

1 <i m i nil (_j-!l <— iLi JJls 3_aL«J| cjLuj/LlI! jj^y j ji ' (^" cjI jl>-^U (jiJLa f-jLli 

jLlaVI a j j a a (j-° ''^" S-^i>^ <* J 3 '" » I Ij-Aj ij-i^IjSJI ^1 ji -i « La a ^1 jl 
Uj^»- ajJLJj ij Mir tiJliUI (Jj^aAll (^ ddj^aj i_£JJ! i^^SL^iJLlo (j^J^ frame 

. I -8 tJS mi ^^^3 « p * la >, I «^ya-i <j-« 
jjjl m i nil 43j_»-a ^1 ^^ji (jj i nl^nlj dLiLJu L$-oJl3 (_y^!l «LtujjjJI 4-La^ll I a 
CjIJl^-^I L#j Jajl^pj (_ylll 4-2j^LsJI •*■ j*l ^j^juus JojjIi ^ a u -» a CjLj-uLci, 
CjIJl^-VI (jl-J 3 j j j i nil CjLJ3^L*J! jjj! m i nil (_ij-ajj 2 •■-"»• (_gi ^^3 2 ii I" -^J, I 
(j^_<^J£JJ tillLjvl "i i"l I nVI (_jJI (Jj-3JjJI (j-O I ii nL>JI (3^-4-i 4j1 L« «LaIjj»X I 
(_jJI ^ ualUI (^ CjLc.lj.ill «(J-oj i<l>-lja-3 j£j6 jaJ (_yJ-ll 3 ' 1 ' *"*"' 1 1 «LuLj2| 
. LLaJJI JLxI^-l tiili ^ Lxj JajjiaJLi ^jjiioJI i{ Jj[21\ Jtiij Li£ (_flP 
Ja-i^Ji, I O^- 1 l£*-^ " P * ' p .3^J' 'J i " (j-« *3~^ tiJ-l^ I "8 (J > M' 7C-U3JJ 
iQ^jjJI (J^i-J : 4-ujijjjJI CjIjl*-^! (j-o JJiC (j-° c?^'-^' *j^?^' OJ^-^ "-y^ <*•-»] I 
i—JJaj jl_ii>-Vj i alj .^. iVIj <_i| i n-»J1 x-£^ i4_l>-^JI i a LtlaJ I i—JJaj jL<i>-l 
jVL^-j LSjjla in iiLij (_yi>- «LjiLjJ3 CjLajjjI mi n 3j^l3 ^1 .Ull 

. I J^Jtj 

...1— ll i mJI ^_ol _0-3 i JljJLl .JjLl^i i a LtlaJ I 'L«jlJ3 i Jti^LLo 

y-1 JaJI tjjJJJ ' a j a ' 1 1 fjjL^seja t «Li jj_u^j>J 1 /^jjj-u^JI t t j- J '- 1 >^' 

LtjLv (J3i)-" OJ^i D 1 

jjjij ^^jjJI ^jJ oj^i o' 

J^i-jJI Jj^ «UjJ (jl^ Lx-« Jal Jj2J Q>i>" L?^ 

L*jLv Jju /oJ Q^jjJI 
(Ujj) Juj^m 0_ii>" 
^iS| jjii «UjJ < * La 1 1 ^J^ 
" ^ a La 1 1 " ^jjl ij i ul A \ i 'm'ij-Ji ■ log La -- 1 1 1-8 ^JS i"i 
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tjclVhmUl clSSJI 

SAM &li ji 

>»-j!>I "Script Mechanism" jjjLLuJI (J^jJqj 3_£_uI£-lo ^1 SAM j-a^j 
L ,^» ,^.a I ^,^.j «*. ja» ■»■ al'w ,11 I jut »^U" , njj ( Jjj Sjt^aLa^ 4j^Lojj L*LiLi 

j^*-L>JLi ' " i a J la i a I (j^l Juu 6 joJSj «j^uJI (Jj^iaJI (j>c 3jLu-u Lli3^j*-il» 
(j-° »-£j(_jJ> (J "J '" tlj-3 < -t*-^L>-" cH-^J .(j^usiXl «L*-<^>JI ajJ sLl^o (_, i ".pj-ll 

t _3_S 1 i n II jl>-( jjsj . jjjj-uu u-ujjJ jjiiij "j>^ Lt Liaj (JL>JI /_^ (jjjj>ojlj 
(_, ii mi" i nil (_yJI j'mi'C't^lj clujIlui 1^}^* fjL" 1 59 ^yi fOJ-SJJ (J^jL° Jj^' 

«L>-JJ (jJj .(j-LOJJ JJU «Uj_LO ^1 <_)LijJLl «U 7T Q I Uj jLILiVI (ji>^ d ' "^J. 1 
L_3jj_Ii (^^b JjjJijtjjL) (-fJ^Lj ^jj"< I nSj t n ^j-u-JJ^Jl ^yajjm AJ ^J I '-J tCjLaL^jl m£i 

•.^LlII (j^aicitl ^-olij-J! r>i-I il_<jjiL>J! ^yJI (j^alll I JUfc JLioLij 

6 (<S-3j (3iH 3 (y^ (j ' "j\>^l j^^^W *J^ J -° '**"*■ ' '-* '-*! <»Ljl ^-Vj' ' Jl -'- » 

(J^jLo jjjji (JjLJI 7-j^j- L<4^ ' Qi^? j 'j (_2-^ fojrttl i-iJIjJ (j iu i ntlj-3 JjSj 
/o-^j (_gi (jjijJj-jJI sL^-Ijj *s-lj j" i uS t^Li clijjIluj JJlj-o pjLi 59 fj^s js_lSJ,I 

.« Jo-V 
.4_uLuji2| 4iliu (jyaaiall I /j-oUj-JI TTji-l L« 

Sjj>.I Jis J-a -I 

.ijjlj^ (J llj I ll'llj.3 Jis . lAJU 

9jL>.f uJjjv J-A -2 

. LijeJa^dU L*-^>. jJ^jLa jijJui 7"J-^- J^l tfQJU 

•(_> ' "jl^ j-^^^W ' " ' " ' ' a I Sjn i nil (j2 

S^nMi'intl ^l JajLo jjJJl J^t Ja -4 

.(_,ii mi" i nil (_yJI (J^jLo JjJJ! J^i-i J-2J i(<s-«-i 

S^mmmiU ^yJJ JSjLa jjJJl j^l 1 fif -5 

■ ^riMMMiU ^yJI JajLo iLaiVI (JJ>3 Ji-I 

«_a Car Accident Sjl j m II cjjL>- ^-jjI mm. SAM ^_al_ij_i ajlj-" m.jj 
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(_gjj| Ambulance <_al < i ..Vl 2-j^c jjj! mi u Jilo SjjJi^. 2_iiL^3 iIiLajjjI mi a 

( _ 3 _&j 1 1 j La a ui [jLS (J-3jLo JjJJI 7"J^>- oW (j^ 3 '^" ?T' ''"" "^ I (_y-^ J^L"' 
i4_L<_*_a 2 _i j j i n CjLJS^Lc S-oLsLi i^lif-iVI (j^all I ^^3 3ji^>.j^ (j£j *sJ 3jl_i£. 
Ijufc jl dJLHi^ij t«(jj_iL(jiJl fjj>-t) j «^>.L>JL» Ca^q JL^-l^s I 5jm i ui) (j-o «Li-^L>- 

4 j i iiLmal j_i^l_L*JI r-j-ja-'i i uj (<sJ jt_oUjjJI (jl LL& 3_al_$JI UaLaill (j-oj 
5Jal luoj Jlj-«J (jl (j-a Vja 2 nl"-^! CjIjLuiJI J^^tJ 4_cSL!j iu mti Cj^Util 
'L^s^jlu SAM AjJiJ jiJsl^JI (_5-3j .(_,! iro^il (_>^a-iJ! (_y3 ^J-ijJ L<i£ CjIjLulII (j-aiu 
aoJLij i«ULiI /y3e^-mj| ^S ilill ^jx. ^J flj i ■■ rt i _ T l>-i.} (J_u_c_> ^jjl ^1 i<i2l M^aJJ I 
(j^aoiselulj i ( _ T l>J jJI (JjjjtiJI I JL&jj-o ^ iil"i^e-Q «Ll*-la13 CjLilj CjLuajJeJj JljJjjj 

.lillj ^^lc ^Ha JLuLjj/VIj 

BAOBAB 8»Ll jrf 

(j-UoijLa ^^olaJI j-LxiJI 7j_oLJjj jLLsl (_y3 RAORAR ■»■ aljj J JJJ^~ ,-""' 

J_i_beiJ *GLayL»_a 3JlC:L3 a. jiej i uJj (j Mif (jjijUJI J.^tl j-LaJl) MYCIN 
Li_j]lil ij^J ■ 4-Lt-L Ja 4 j A SJLl (^fl nLJa'^l L^jj^^gJI 4_<-iI=>jJ,l <J1)VL>JI T^jjLj 
{jJij-ljlj «Ll132| (jl u^s\j!l&\ jIjjsJI 4-lIj (J^>- Sja-aljiJll CjLitj'ifl (JLjca ( _ T 3 

aj^j jl (jSLxj jjj^ J£ j! ij j»Lc Uii J *v m i j l _ r i^jX\ ciiVLv jjjLj (j£. 
( _ 3 _3 Ij-jiLi jxLuj lLj i LI I Ijlj* S^jjla (jij cjIjl>-2I (jA J ' *•»" a *-jl<3 (jJ! 

«G_cLLiILj_u1 (j_a f<^Aj| ^ i C ^_au^_J1 3jJ^9 m£^"< i u a Tc-iiajJJ iC^AjI ^ A q c 

LLsLaJJI v j^-»* •> pLXLaefi i tlLa * -3jj)j_LiaJl jJt£. -^«Uj_jJ1 AjL^tTn-u-a djiiDLS-a - 

.Mia 
/T_oUj_JI a! JlJt"ii ill «_a »(_jjji (_yJ! (Jj^sjjJI i_3Jl^j 4_l*-la13 4jlL jl^>- «l jl - 

JSL<i ^ BAOBAB j_oLJj_i 4_l«j mjJJI aJIjlLI Uoj^j 2-8 J£Li o^uj 
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tjclVhmUl clSSJI 

(_pLui (j-o 4-Laia-Ll I i_au^3j2l (j-° i_P (jjSIbj d J 2 La 1 1 1 e-SL^j^l (j- f-^Lu 
, I ^jl U<-l joiajj^l!! jj-tbj 2^jjj laaJI :plj-il Sj^Ij (J-oCj^LoLla J o i"i_t CjuLu 
IJlj* (j^-^iJ .SJljLs Cjlj (jj^~* Lt-^' liiljj i3jj iji JaJU i": i ihI o^3 d & *' J 
Cj^LoL«J,I (_£Jt>-! i La »_' /<sJ I jl CJ^xtaJ I SjlLsLLo (j-o tj_oLjjJI ( _ T ^j^JI J i nl i n"ill 
La -ij-»-J OJ- 5 («-2Jaiil ' a < a j 1 1 (_y3 l^jjjj ijJLufc (ji I Jj lil ji 'Sjjai JaJI 

. JjjLaJl /yA^lXl ' a ' a j 1 ! Sji^jlII ^^jI > j mi i 
: ^LLs^l jo-lj BAOBAB j-oLjj av jl^^-J J^-« ^^ij Lo^aj 

(jL!i£. -plj^x-iD -tfl I ''^J '.(J^>.jJ| I )| 1 ( ul '.( -^ LjaJI 

1978 j^j-^jJ 25 :J^ijd! £jjL :< ,.nUI1 
.aLjI <= L»Jji J-Lo u o mi" i nil (Jiol (__>iaJ^-I,l ".(ji <"< 0(j'^ :^-oLjjJI 

(J^ioJI jjjL <j^> j-bJl^l) 

".(ji ("iQ(j^ •.7j_oUj_JI 

LoLc 26 (_>iajjJl! j-<tc 

«Luj_»JI JlI^JI (__>iaJ^J,l 4j i ni-v 

(«I_Ll*-0 (_p3lj_al (JLxIL>-l (_y3 ^pj3 (jl (jSLxJ 4 J I || i->Jl) 

«lIj^>.jJ (j-jl i ii II j»j-j-I! (_5-3 pljLj-aj «uiu^.j (j-o (^yij^J,! (^Lc •' . ■^■t-tl 

j_lc. Ju3 i—x^LiLaJI (j'i/ i^.jjUtl Baobab *-L>LiLj) ^(jiaj^i,! tj«'<y :^-oLJjjJI 

((^iaj^J,! (j ni-v ^Utj (jl (jjj (_, ii U i 1, 1 i a i n^j I 

<"iO(j'^ :^_olJjjJI 



"PLANS" fefaall 

(j-o^iki j I I JlsJj «LSjLuJI ."iIj ^All ^3 tfl irn^>j i_£JJl iJt!^*-^' aJl^" i nj 

al «t-tl 3j^c (^ «! jJlII JjLlI i a^aj 3^>JLla JiIas S2_i . nLiill cjLtjjjl u . nil 
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(jacpnjJI p£9 

(j_« «Lj t L<j_S t Cj Lu_u Lei, 1 3*_ujjv ^_ LaJu Cj LAjjj LLu-u >-ifl gj «u L^tTn-u 1 tc-l^s I jj 1 

.^Jjl M i rill (J^iLM Aj) (j ^ 1 1 (J^l-i 1 (JO '^> t^A -4 ^ * ^-^J^?"* ^^-9 "A^^J (J-<M^>Jsl 

' ktJlSaJI ^ la ft I J <il>-jij L^j^jtliji (_jjJI £ ^ ;v '_> J ? 1 ^' 4-lLw<JI (jl Qa^>- (<si£.» 

« . . QJ fljTuI (jJ-J-i J '^* , "^_ Ajv^jj . . . aLujj /cjlII t-ilLLA 1 i i n-». 
(j*2 « 4_j_>. 1 j-j*. 4— lL q a J » j-Ai_>- jjjl m < n (JJLlA (Jjj--) (jl (J-aIL>Jj j-jtc (j-« 
(_aji» 3_aLc SJgj. Jl>-jj (jl I Jl>- (J^iisJ.! (j-o tj^-!j ' I "J-*- I -SjJi^e-o (ji^? lilJi 
jsjiJI (j-o (_p3^J3 ( _ T 1^. (Jj i<-i-»Jl 4_ul£Lol (_jJ! j j i""t (jl (jSLxj (_^-!'j i«(jm J-*^ 
^ 'j a j I" /oJSj 3_3j_*-a (^1 3_>-L>JI (^LlILjj iaLJjj 
(j_o IjJlC ' *■ a3 (_yJ-Ilj i«lLiJ»JI a j J a a dJLLJu <lcj-<i5c-a C^-a JlJt'i i ul JiJSj 
(j-o I^JlC uL-u JjIj_l>- ^Jl>- JlSj . LaLju .JJiJe-o i_2Jufc j_;^-»"l (J-«-»-ll (jj-* 5 
■* j al i ^1 j ■ .. a_i J S ,"i j 4_ljIj|jJI Cjuxaie lLJI (_l!^L_u joSLso (_yjJI Ji£.ljjjJI 
(j I »"ij L<4-i3 4_i^5L>-J a j J fl 1 1 IjL^J ^js>-\ CjLoJiiejj-ol j^^jjuj < j" J ' ^~J 

j uiC *-jljJI J ua-dJI (_y3 ■»■ ij U ,". t U 
d U Jj j ^ j ^ c (J a "*• J CjIjLi^. -" g d * (_^S I la la ^ a Jij>"< i n t > i ii ill (j^e_ij 
(--SL-u-Lj-Lja Cjj_jjj i a uoj (j_a jj^>.l_I,l (^LlII (JIIlI,! (_yJI ) la ' u a . Ltaalajui 

.PAM: (Plan Applier Mechanism) v ^-t^oLj^J 

. (j^ I i^ija ijj-l-i (_J flLZtl L<kJJ CjJla 
JljJl^o (_y3 jj J (j^ i . . < l"t La j jii VI «LuQll 4| p-rll (_yl«-o (_g I liJLcji (JjijJ 
4JU dliLJu (jlr JiSj .(jJj'i/l SJjjjsJI (j-a gLa-l'Tn ul (j£Lx-i (_JJJ! (J-«-«JI 3JaJ. 

^^1 ;U,^VI dlS'jJI Ji-jLo JjLil! Lajj v2jjlo« <_i 3_uLi!l 3±«j>JI cJj_lLjI jJ 

. I JLv « liLi till j I Jj]» 
PAM J-olJjJ L^JjLcJ 2 '^a ^yij LajlSj 
(jl (jjJ.1 i—^-Li^o j-ol i>j« (Ji-jj Lj<jLjjtA (Jji-i3 . jjii (_jJI (jj*. r-Ll>-l 

.(jjjv (J^>-jJ ^jiill (_^>J.! i—l>-[ju3 fll Lai: I . JijJiiJI sUjLij 
( _ T Jj Lao^J 2 ,^MI o jui Jj3- 2 I^i nl ( _ J \c l-ulXJ (jl PAM Tj-aLjjj c-l U" , „lj 
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tjclVhmUl clSSJI 



ylixJll J) Jj^aJl 



jUUI 





Ol ."5U. 



*^J J >* *iJJ 



*LUjw OUIj 




OljL^-l 




^^ £0 U 




BAOBAB j^Uju jS^ ^i Jjj-Ji 2-8 Jila 
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SLj/Jut^a (j_j*. Jii-I liLt : aJl^-" i lit I 

S(jjj>J JijJiill (J^J.1 t_i^.L-3 (_yla£.l liU •.■>jir" nit! 

5(^5*. i-Sja^aJl liU :aJ-V"inl,l 

*_<tJ>o (_i_L^» <LlaJcJ sCLSjjla (jj« 3JL>JI j>JL& (_y3 PAM CjljjJs (_,-jGj 
j_A \-q£ d dgAselU (Jij-ls ^^^ JJ t^aJ (jS-4-i t(JLjJ ^i-^- <— 3J^ -^>>-J *-4^ «(JLX' 

. 3-8 (JN mi (_^ tc_a!d^_« 



JuOJ it-U-i 



(J^)Oj- 



-5LJ1 irU-l 



^^-^Soi 



■>u* jjj 



jXljiMl 




J^p djOj 



-•(U tl 



Ijjl 



£*>Lj 4JJJ 



PAM gjU^ J J*s ik^ 3 - 8 JSLi 

(. ' C &Ia-i-aJ (_^S La- 1 i nfl (J3^-J (jl *>-^' fT^ 6 -^ * '^* t-il^-LiJl (((jje_a» 4JjJL« 
.O^Lcl (Jj^fl (JIJ-cuJI (_jl^. 3-IL»- Vlj (jjjJLtuil (J-<t>- j-u±iu LXjO idJLb jl (_pt-a 
(_yi!!j «(Jj;e-o (_yl^. j'-" ■ nil)) JJjl u i " (_,!£• (jJ^>-VI (j\J ! j-cu] I 3-jL>-l JUiHAJj 
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tjclVhmUl *lSiJI 

'4-i3eJa mJIJ i_xjS^l!l 4J3I . mi) r- jLoJjl ojui ^-uijjj . I JiSL&j ...(^iL) I jj I i aj 



Limitations of Scripts $■) jLmmJI dj£f j( 

S^JJLA (j-O *'j-^' (J\ l"l (^ I J '"* J-i^. Ski ClL&gJjl M I nil (J^aJtJ (j2 Ij-lij 

JJ-C (j^_) 4£j~ i"i a 4_jJ3jji-a jlj-a jl ' " ) L 1 1 c jl Jx.1 ' . u uaj) (j-o 4JLa 4-iia-aJ 
^_aj_^J| jLiJI (j-o Lcjj CjLfejjjl m i nil 0J14] tjS3 (*-I '^1 oLfcjJ_)Luj-iiJI (j-o 
J j j i n Ct^ " j" * ^ ' " J^J' 'J ' "^ -*>1*J Li (3-^' ' a ' a "*"' j' a i_£ cH-*- 1 *— 'rt^'" 

^^a J^^Id ^-jjl m i ii ^^.3 i-l!j " m") (_^il!j Ka Ll^J I 3j^-j» Uj->- iS^^ JLii! 

jSJliail ( _ T 3 «*-3jJI Q^jjjl (_y^Sj » JJJ I mi " (0-«-«-l (jl C-u iiotl (j-o <jSJ_J '"(Jj-^' 
(j^_jj_11 (j ga Qj B AL-£. ' ^j fl ^Jl Aj^LII (j_« ^H^' '"'•"*■ tla jc^e-LlI «L5eJ^_tu (j2 

r-lj^a. ^-jjl m i ii ^^.a jij_j (jl (j^-«j (_g JJIj 3 \ j i ii II 3_oJlJ>JI i _u . ni «*-3jJ! 

cLjJllII ^ LianJI LiLiLi j-»-jlj (__>^lSjiJ 
(^J .l_tCji L»£ Ijijl /<sj*1!I ^1 fr t U" /<sJ (_yi»-jj O^ L$J^ '"'^ (*Slj C'iS 
( _ 3 _blj f_yjjSlXj L*Ui» ".^ (JLS (jjjjiLul i-jJ^J liil i (j-o jS i"il lI^Jq Lajti^. ajj 
(JjJLiJ "'j^ M J ' a a t_gj « i"' (_>^3i (jl ^J-ijl ' l^pi^oV Sjuj (_;£ CLuS LoJiJt^. 
(_jj Ij ua o-j (jl iLa 3 lj » j U". , ,. j j^Jj -LSLj^oLi Cj^jJI di!i (_y3 «LiiDjil ( _ T A 

^.a 5^j " .fail 3Jq^i! I ( _ T JkLo tj-tb Luk 7-jijJai! (JIJjjJIj .((Cj^jI Lo (_gjj>-ii/ 

(Jj i a -- 1 1 aJ^cj i_3jJ|_o j-;LC. «(_5-^" C-dla)) 4 j iSij L^jl jJljJ S(j-Liajil (jjjui 
sLaLtll JoLSjJI JljJi^sj 3-lS i"it Luj^jso Ljt^lo ^Lill «j^>JI (JjLujj .««Lii£. 

. 4-djHssjq Cj LAjjj I ij m (_^ 



Memory Organization Packets (Mops) 
3_<_Li£. -jjjI m i nil (ji_Ju L^jlJu -Mops Sj^l JJI -i j la '" oLcjJi^a (jSL^j 
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^jjl m i nil q nSr ^i^. L^_tSJj «LLjjla da^j-LM ^JS^Iij {jr*-*" <— aflajJl (j-* ^ L Lr t T dl 
Cj I jJLa Ja_ijJij j i " aj Uo_i I jj J o i""t (Jj 4^jjl1, I (j-° "^ '^"'" « I j^v I i.*i <mjI 



fjj] ijS\ jJI •" j la " CjLcjjiJ^a i_2Jl^jj . L4I0 (jjSIu (__All «Lali>J,l S^jjiil 
Q^SLj j! ijj-o- La ' c OJ^-' 0' 4_j£,jJla <LoL*JI 4_uLtujVI (_>^aJl c.a^JI (_L_ll«j 
-<LoL»JI (_^ajl uaJJI ojui J"'" J ' "*"j .CjLcjLLt,l (j-a IjjLa r-j^J»JI jl 1 1 Jj< 1 u 

1 I <\ its (j-U-Lto (j\ja-aL2jJ (_^ <t3jjj,l (_J_lL.iI] Mop 3Jjj_>__> <-2*-a JlJ-"i 1 nt _L9j 

c / I ^\ 

j|j-32?l *__lj__l ,j_jjl1! (Jjj j_L- (__1c ^42 (Jj-^-J i^\ <-2J^J _£J-JI Bops 

2 ril'-^e-a Cjl^la JJU-i Cyrus _-J-Ltl j-oIJj-lIIj .,J>L__!I __.VL>. (___> iy£jl£d.\ 

. (j_ujL_< (j-i J)j_u-j (__Sj^2l (__j-jLa^LljJ1 3Ll>. (j-* 
I 3 * ' "3J _7-^' 4_u_d_>__!I 4ju2 jl__L>- 2 CyiUS (j-ij^L-u jj^Ujj (<_«--_> _l9j 
Jj-v Bartlett r.j I"j-j _j^j .^ >J| 4_>.j __, I r j ^j" a ' II »l olr (j-a _•___ 
j___j*J3j p . j" ' "* l_j| ' ta a-»JI ■ "" jI-t~ /^ 4JLa-JalXI *LLJI 3_Lcl CjL^Lu_s_lo 
i-AI j,^.^i"ll «_L*>- »L_-C] __]| I w U , >.j «LJ| ^3 IJl^S pr^ijjj ^Li) 3JjL_tA 4_L«_fcl 
CjLtlftC /__) ^ * 1 1 aaj a L#Jl 1 a-J ' _--ll 3-ii3jtJl Cj LlIqaH (_jj-«-«J! (J-rl-a-lll _-Jlj 
. CjLlLjjlII oJl^J 4-u-aAlll (j_u__.'_'l (j-° 1JJ--SLI OJ^- 1 "^ Lajiic f-La-^pj-uVI 
. 4j_>isl_ L#J •" la " _-J-ll (JjJ-iJI Ly^J LjjiLjjiI (J- u J J h?'- tJ ??- a H>T 1 ^-''- l ^ 5 ' ^3^3 

: A a \~i -^a ^^H 3 lii^J r^ 1 » 9 ' 3 ' ' 1 ' (_j-^' CjIJl>-2! -" la "j 

hierarchically Lj-aj^ - 

3^JiJe-a (joSI '^-^1 (Jji-I CjLS^Lcj 3-jlajJlj 3 j 1 j 1 nil CjLJ3^L»JLj - 

.(jj/jL^iJI (ji_> uiil^^L«JI 3J — laj - 
aIjujI ^yJI 1960 -1950 S^uS^ ^ SLJ^I 3^^-^iJI ^-aljj^-Uo ^j^c j^j 

^Jlj^ '">j ^^"al j^a . 4_4^>^lii1 3^^"^" ^ ' ^* 1 1 ^-aj^jjl i _ T 5 « A^aJ I )) t <_>L>- 

l_gl 1 3 j JjLlIj (_yJ.II 3-aj^-ta II (j-u-ili 3JLLJ1 CjI oK t (_*^.^illl ^Ir 7^olj_JI 
(JjLljj (Jj^sI^LII ~o\y\ (j-tb A i \ II (j) 4_2_i_i>. jLq^.VI (_^ Jl>-Lj joJj 'J3-°J 

.j mi j II l>j jiSLa'i/l 
g 3 I 1 1 (__r-a-3 :3_JVI 3^t>-jlill <L>JL*Ji, q\ 1 nj'ij j I » 3 ' a ' 'II 'j a ^^jJI La! 
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tjclVhmUl clSSJI 

I i J a ^LilLij i«ll«j>JI /ajjiLH M j.^.Al j",sl ^Ljixj ^ Jl^-" i uj 4_cSL!j <_*-pl^lll 
4-CjjiJ*-aj j-S-Ljj dJbjjj ^JLJr'n ..I JuSj .^j^s'H ^VjJI |_gj"i -a- n II ji*"! 

.(S^JLjx.^ ?-jLxj Sjlc ^^Jj L«-i3 (^^j » i i uj i ( _ t jlJI •»■ j ' 1 1 l*LiLJu 
Ja-jljJiJt Jjixjj jjjl m i nil cjuLC^I tj/js y[h SAM !j_oujj j oTn nl jJsj 

iCjUlI SjLc (^ 31i.jJ,l JjjjsJI ^U-a ^1 J-cajlJI (_L-vl (j-o 21 «-a-ll (_g^£Li!l 
:3_jJVI <Lu»-^lll (_yi S^tljtA jljul I Jl^Jj i2-ul j i uVIj 3-u.uj^JI (j-uiill <Jlil jjbj 
(jj^J /_SlaJLa I a Laj ^1 ujj-o sJuloX] «L«J (_^ 4ii-Jiil <tl<jj>JI (J-lL>o - I 

I oK 3_j^_uju CjK j mi La JlJ-"i i ii a h_2Jl$]| 3JD ^^3 r-jJ-JJ j i a 1 1 I Jj-IjJ "2 

. ( _ T l>-ljJI (JjiLojJI (_^ Sjjjtia ^Lt-a Cjlii 4-<jJ£ C^a-lj 

aJljJ-"ii uj (_£ jJI -^ j ' 1 1 I JLfli (jl .U^M ;'a i Llfli (_yJL\II 7t4J.ll (_,lr ^J ' ' "J 

3_o^piI j^aljjJI (j_a (j 2 .} JlC ' -1 1 Lai; i3ii-jj,l SJiill {j£. Slii'mia 3_<li.!.} 3JLJ 

(j_a (I -jj) (j (_Lja^e-lJt ^j'" c-J leuJ L4-L0 ttLut-uIaJl CjLiill (j-a (j-5Jt£. ij-t-i 

.CjLuLij (_^ CjLiill oAjfc (JjLuj ti»;L>- (j CjLiil /^.aljjJI 

A car hit a :3_JL^uVI ^1 4-JLJI Sj^-lUo^I SiajsJI 2U».j3 ^1 jJaJl 

tree friday evening. 
SijIjJLI S-u-uLU! ^uLu^jVI 2UKJI ^1 Jj^sjlJI (jjk l_La> 3 i.injJI aJSLiil 

•.(jjk a^uLu^^i ^ v^jVLto-Vij «hit» a±o£Li 

aj U nil SjijI! 3-Uj>JI (J^-Ls S^Lc (agent) (jIdjjsJ.I Qo^j Lajj^. :peger 

^_ L-L. C J «L?t_L^1^j1 «Lj_o1 Jia^>-J ^*-a ( j^jj i n'it-a »^j m ^i^. Sa^Ji aJ^>" i n > ^'J 

«l»-!^j (_5-SLI SoJLlI ^_)^ « j «U Ll>. LuLs ^^^iiJI QaS^j 0^ J j ' ^" : '"' ^LlAj 

. 4_J Lll I <iloj>J I «La^v^3 QaSi ^i5-*^ • O^J-^^ ' J^ ^ 

Juan Le Pego A Maria 2_uLu-uV! ^1 John hit Mary 
j_uuj V iSl^l a! JlJ-"u nl *ShjIoj . Ul 1 n't I (jlaj^J,! (JjSLj (jl (_LuaAj golpear 
(_yi^. Jo-J^ -'-^J-' Vj »3|jal 4j J 1 ajj (_gJJI * ( _ T JuJI jjjLj jjJjj Lo_Lu 1 L4xIL>- 
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: 4_JLl!l 4Ljj>JI <L^>-j3 tJjSu ^^-^ • Pfj-""! 4+j it-i 
i^yJLlIl^ 2-uLu.u^l ^1\ John hit the nail with a hammer 
Juan golpeo el clavo con un matrillo. 
/tjjj (Jjtii!! (j! (o^-j '(_P=j^>J>l l -r u '-^ (J-° *^ l£' AJ^J lP^jH^ "^ '-chocar 

.(t^yJuJI) 4-t Jjjtill (j-o JJSl 2_»-jJ_i 

•.^yjfc 2JUj>JI 2_<^>.j3j 2 miiLlU 2 oKll ^jJt chocar <j| Tccbl^JI (j-aj 
El vi ernes al Anochecer un Auto choco contra un Arbol. 
i ^ ,,-.j II ^_a ?c-Lse i^aJl ^^-iLjijVI Jtiill j-u^ijJI 4Sj i"i 4-8 (JSL«i U -1 -^ 
! Jlj* J^i-Lj PROPEL. 2_jJVjJ! 2_lJj>LI iajjjJll ^jiaJI LLajljOil ^sU-.tl 

:2JtUI 2_l1JI ^sU'.tl , a,^\ 
^^-il^i_ ^ ^ Ji^ f propel < = = > L>U ^j^J. I 
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lJ cl'ihi/>UI .ISSJI 




hit ^>l4^i J*iU i«oJi vL-V sl^jsIi >.-<*d ^>oli -M>Ji J=tf fLb«-i 4-8 J5U 



98 



WW 



(1) Rumelhart D. (1975), Notes on a schema for stories, in Repre sentation and understanding, D. 
Bobrow & A. Collins (eds.). 

(2) Propp V. (1970), Morphologie du conte, (French translation), Par is, Seuil. 

(3) Schank R. C, Abelson R. (1977), Scripts, plans, goals and under standing, Lawrence Erlbaum 
Assoc, Hilisdale, N.J. 

(4) Cullingford R.E. (1978), Script application: Computer Under standing of newspaper stories, Yale 
University. 

(5) Bonnet A. (1979), Schema-shift strategies for understanding texts in Natural Language, Stanford 
University Technical Report HPP-25. 

(6) Bonnet A., (1980), Analyse de textes au moyen d'une grammaire semantique et de schemas. 
Application a la comprehension de re sumes medicaux en langage naturel,These d'Etat.Universite 
ParisVl. 

(7) Sabah G., (1980), Contribution a la Comprehension effective d'un recit, These d'Etat, Universite 
Paris VI. 

(8) Wilensky R. (1978), Understanding goal-based stories, Research Report 140, Department of 
Computer Science, Yale University. 

(9) Dyer MG, (1981), Restaurant revisited or lunch with Boris, IJ CAI-81, Vancouver, Canada. 

(10) A conversation with Roger Schank, in Psychology Today, April 1983, pp. 28-36. 

(1 1) Schank R.C. (1981), Reminding and memory organization, an introduction to MOPs, in Strategies 
for Natural Language Processing, W. Lehnert & M. Ringle (eds.), Lawrence Erlbaum, Hilisdale, N.J. 

(12) Lehnert W., Dyer M. G., Johnson P.N.. Yang C.J., Harley S. (1983), BORIS an experiment in- 
depth understanding of narratives, Artificial Intelligence, Vol. 20, 1. 

(13) Kolodner J. L. (1982), Reconstructive Memory: A Computer Model, Cognitive Science. 

(14) Bartlett F. (1932), Remembering: A study in experimental and social psychology, London, 
Cambridge University Press. 

(15) Kittredge R., Bourbeau L., Isabelle P. (1976), Design and imple mentation of an English-French 
transfer grammar ,Coling-76, Ottawa, Canada. 

(16) Boitet C. (1973), Problemes actuels en T.A.: Un essai de re ponse, Coling -76, Ottawa Canada. 

(17) Wilks Y. (1973), An artificial intelligence approach to machine translation, in Computer Models 
of Thought, and language, schank and colby (eds.), pp. 114- 151 ,Freeman, San Francisco. 

(18) Carbonell J., Cullingford R. E., Gershman A.V. (1978), Knowl edge-based machine translation, 
University of Yale, Department of Computer Science, Research Report 146. 



99 



(j-a Lr i % ^\ C-i mLaJI (Ji-lj <L9jj<1,I JjS-aJ OJ&J ^«>S« 

/<sJL«Jlj jVj" ui>U tij-oj j»llaj (jrU jliLu S-aLs! 

• ^jLkJ! 
(_yJI Cjj-jjj i_j_&j» 4 I o -v J-iiLflj (j^LaJJ tj-a-2 
Cil oKllj <_2jjj>JI (j-a f-jLTb (_£i '(_3-& L«S • (< (J- u ijV 

(Jlj i ii 1 1 jj_ouj_i ' ^' ■ "j (jJ 3JL>JI ojui ( _ T a o^-li 
«S(jjijju ^1 i—jjt'^ (j-o» JIJj-u (_y^- 3jL>. 2 1 i_jI^>JIj 

•" J a (_, lr JLcl i uJ La «_lLjlII I jui ^i J-^J^ ^ ^^ 

^j-a t tj_uL>J1 <jS_aj La Jl>-jj 2l 4_ll «LcidL>- t«u_aj>ij1 

(j_a J . ^.'aVI J_lj_o-IJIj .Jtiill J^Ls <_,!£. (_3jjl1J! 
L-La-LLto JLJ! (_y3 j La 5ej (_g jJlj <a jui j La-ll I 44»-J 

°>i9J ••J^LiJI 
(j-ujju : J '^*^ 1 1 

^^cbLa '.(IhajJI 

5 iSijjjjJI 
( _ 3 _Lc JJlJ (_,-lII CjLa^LJJ tLojLoJI aJJb J n i"7i~_g 
(j^_aj l_a_a j-lTlSDI J fl »" Lg-lSLla i4 I o ->J1 (_j_L»-a 
<ta-"i m i nj (jl (jLuJ! j^V ijSUj (^ JJIj i«Ull JVjIxojVI 
4JL«J>JI (Jjix-i ■» j i <aj tfl iiii<ii lilj .«LL«j>JI ojui (j-a 

4^jj>- '.pj-JI i_ijfcjj : JjtnJI 



(jLcujI :£^jl\ < — J J h'JL5 '• l _j^-l-i!l 

3_bjLo lIijjjij (Jj-La : ( _ 7 jLj£. S :jJ ir-iU 

4_bjua : Pj-^' 0-"ijW * ■ ' "» S 1 1 

« 1 1--S ^ 1 1 • g l l*\ , ■ ■ ! a t *■-*,,■ ^ * q l i , ,■ a 1 1 

Sjl j i nil 

(_g^J-J (jl 4—ljvi "1 "11 nVI CjLJu_*J1 (jSLx-i (jl 4^jj>Ji,l (JjiL<ilU JljL>- /j_oUj_i (_g2 

./t_aUj_JI (_y3 L&jj.} 
(<sJ dJJjiSLs i<tl£ joJLtil 3Jl»-Ij «Lx-oj-i 4-»J -" J 1 1 aj (_y3 Jl>-I 7^?=-y («J LaSj 
*LSjJI 7j_olj_> (_yi 4-3jj<J,I (J-L T Lo r J (_y^v jjju (JSjI/ f\ji<\ in~ (j-o Jl>-( (jSLxjj 
(J-lIlaj ^^.S L-Aj _i r (j_o J ■>■ at 4_3jj<Ji,l (JjIL^J JK 1S1I ^j a » ■ 3 ( _c I lla iazl 

jVal^VI v^jVU. ^ ii>i-! JlSLil J-uiU Ujjj iibtJI 4-JVj^VI v2jUujl!I 

2 _i itLll 3ijj>Ji,l :<t3jj<l,l (jj9 (j^c^j ij\j ( _ 7 SLuj/^i^ ,, a 1 "t'a J^laj liJLL&j 
^L^JJI (^ L*JJj JjLSjj knowing how 3_<-<Ll£L1I 3-3jj<J,Ij knowing "what" 
S^jjlIIj declarative knowledge 3J-L*J,I 4_3jjlII £tlj 3j-^-" cj c ^ ' ^ "^^ 
2 I j u< L4JL 3-ii«II S^jjiII ^lj^ jLl«Jj procedural knowledge 3-ulj^j.^l 

I j '.;*_' (j^-Jj • L^-a I JLstJjji I 4-LajSLl L>-jjIi . , I U"~ V L^j? L^S (JjJjuJIj SsljJUl 

3^jjlII Lol . I j j 1 11 't >Lj>13 Llaj i^.IU-.j S^jjiII £yj £j_J| I juk 3^>JLto (jl 

3-3j_*J,l .ilj-o (JjSjj .^j'i/l 3^jjlI,I i_!^j£.j Cjlj_L«-<J u n'Cr I j la S-utj^v^M 
(jl (j j 1 11 JLJSj ./j_oUj_JI I Aj 1 "*JJ I g-tlc i_J-«-«J (_j^Jl CjuLljJI 3-iLIaj 4JJl«J,I 
i2jULJJI J^J-b-o (_^3 S-ljIj^VIj SiLtXI ^ajjJil <jriJ JjLiJI (_,!£. Vila Lbfj 
^oljjJI (juj (S-LLtil Sijjill Jl*] (jjJI) Sbjiill JlClIj^JI (jjj Liilij i^jjLjjalaJI 

(j^yj data structure vijLJLLil! JSLui jl LiSj . jx.lj^JI ojui Jj j Lajj j mi3 ^lll 
/jJUj V j-Aj i5_aj < 1 1 j j baj (_jj-<-o (_>u-jJ t— iLlSlI! (jLa i L^3li 3ijjJ,l jjk 

^iiL<t3 (Jijb SjiJLJ 4_(Llil S^jJlJll (JiLui 4jJ j I tLfluJI CjUIj^v^/I a Jl?-" i ntj 
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:3_JLi]| 3-*jjVl (JjJaJI Jl>.L) £-i_j 4i!f 3jX:L2J*l ^IjiitlxJ (j£Uj 
. 3-»-pe-u3 Liiajl (J3^ r 'jj '<J^ =e Tt ; *- i ^ 5 9ji|>J^ (j^ Ijj "I 

.» ) jl «L?t_uo 

(j\j_« t L_u^>. (j_« (4juu! (J3_iLiL>. (J^>- 4J3jjlX1 (j_« ^LiLfc ujj^e_a LbjJ (jl 
( _ r ^ J-JJ— > O-^- 1 -} iTt-I! . .«aj-Lsj^>- 4J. (Jjjilloj «CjuI^jj>J! (j-o pjJ <_!^l£Lll» 
(jlj t L^-jl o ( nt (j_« »m mi 2 1 ^y=>\^>- ' a tag » _-^**' ' " * (jl ^^ 1 *u ,^V1 ^LSjJI 
CjI Jl>-2| i a i a j I LSj-la J^o <jl JJj-> L*^ • *LuiV ^1 oJufc ' ^j'"^>"l LSjJa Joo 
4jL>- iJ ^ _$-&_$ l5j'- a CJL9-?" (J-^'19 (< 9-*-*0' 9 ct^ L-a ri-4- :t ^> J jl > ' in"*- (J-»L9» (_p-« 



t2j-2jJll L-aaljJJ (jx. SJsjJ j-la*1!I (_yl^. L^JjJlSj (J-ujilUI ^jjjjJa 3jJ3 (JjjL23j 
(jl ^ 2 j 2 >. (j-C j-jju tjLS itLuiu^l (j-u JajljJiJI (JjJ-4-i (_y^ Lua-i I L^jjJlSjj 
^Lj_« 4_l3^J^_jj>J 1 CiLajU 11 (jy-^2 '. L« t^yi i _ T b (jlSj"< i"i" ^"^'"^ rt (j-Cjljij 
1 o ifrj LQ^. u «(_ 7 -al i nil j_jj>J1 j^j>-i)^ ' « ' lofl * ' ^ [ I j-jj>J1 jj?tj*.» (Jli-4-l (jl * t^e-l 

I (j U * J^JJ-l 21 (j-GnLLse.* (j-GjLiS ^yajjj tHJUiSHj] JJ2EJ*.)) (j_« (j^_coL>. (j\ IS mi 

i 2 2 3c 3 (J_) ' la 2 9 (J-l T L ^ lJ 1 7-^_l*3J «LjjLJ1 «Lla-^L>J1 tfjufc (j i n>j 2j . £(_*Iu 
( _ T lII 3_3jjiil jlj-o (Jj-a- i n" (j-o (3^-4-1 L^J^i <'i nL>Jl Sjili Ct^- ^'-'*h ' '^^ 
. AJll^JlIa (j\i.1jua i _ T b ' ^ _7" ' "" (j-« 2iJlJ 3Jl>-1j 5j_a 4Sj" i"i a ^-al^>- L$J 
i«L2j^jJI j-±£- /?j=^>J! «L>J1jla (_,i^. ajjiilu jr_aUj_JI SjS jjjjLiS jjSLxjj 
Cj Lj_Lj_*J I (j_o L-i-J-^a I 1_«-jI.3 fj-tb ( _ t jJ!j lgl J-SI a 2.J i " >l dil j I <ntl 4_caL>- 
i«cL2-j1xjJLj)) (JVjijjj/VI 3j^-3 (^1 jj i"it (jl (jSLxj Ll&j i«Qjc_JI A-ilai i i" , uzl 
(j-Lj>- aJlJ-"i i n" L^_il ^^^ CjLljIoLjjJIj i |_gj j i^aJ I j U '< 1 1 ( j^. i ajlicj (_tjJIj 
(j£L«j V CjLjIoUjJI (_5-a3 . <ilol£ CjLo^Lla 'LljLC ( _ t 3 jIj^JI ilitjl ^1 j La i a I 
L^jLojLio (_y^- (JVjijjj/VI (j-ulj^ (j-ulagj L^J-IJ (Jj-ojlJ! (CJJ («J La aoL>-I (J^3 

I I ~'aj . ^ jj iiaib pjl i n"ll ^1 tLxajjJI LuLl>- u '»jt<^' La Ij-J^o La_Lu i^ijjj'ii! 
2 1 j 1 . ,i l_J jJljj I j iS> Ij SJsjij I j" -» . ^ Cj-fLi (jl LuSL»j 2 /*-jlli (_yJI (J-i-ojjJj 
cLcl_j_c-3 -^ ' ■■ ^ II 1Jl_A (_2_3 ^paj ^ 1 1 uQ 'i ^ J J 2 * rt » L^jLl I J -^ '^ ) L« Ij-ulJ (JJ 



I0J 
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v£^\ 4fe^\ ^a** 

First Order Logic 






tjLjj . <j_i^1d (j-«3-^ lAJ- '^^L^'J ^ a ' '-y all 4_i rfilLAl 
(llalX I 1 Ju& a! JlJt" ( nl 7~jIl£\ ^yi ^Jl j-A ^JjlS-a Q^>- 

ljLo. VjI ' kjLaJUtiJ . 1958 aLc 4_ajJs li^tj ,^3 

iSJljjLo 31 j? ojLu£.Li propositional calculus LI .>.*tl 
J-j| in 1,1 3_ljJLc. (jx. j_iaj(lll {_,!£. j^LS j^i. 4JI VI 
(^IsjjlJ Lh^ '^i - ! Lla ua zl *L£jJI I j j cr-"y lt-^' 
i predicate calculus Jj_«^>J,l <— il m -v ^1 i>jIjCIoV 

j_j_«_j (jl <j-£-«J (^-11 (JjI i nil! SJjJlC diiLol (_lajtjj 
. Sj-p-^l 2jjj LaJI 2 A I j ,^ll ^^a 2 tj j . ..^ I j'.^ 

Propositional calculus bLaiaJI yL* 

(j_a £y\ j ^j i J= q_l Ljl i^a-SJl <— _>i i a ->■ JJljjeJlj 
jo£L»o (_ylll i— xJil^pJI (j-uljJS 2_cjjjjs_a Lx-A ijj-uljJLlI 

iSJ-Ul ^ I a if jjju ^1 (^SUj ^1 S^laVI jSL<i 

dil^Lal (j-o 3JjJl>- CjI^LsI Jjl ""' '~"\ (oSLso (_ylll liiljj 
2 j .^ a ^ o i ii "t) 2_jJj_iLS SjLal JSL! £r*-*JJ • *xj Ju3 
3 ■' t-aJI 1 ofr i>OJ3l <j-u ^ 3Jl>-Ij S^j^ (proposition 



tjclVhmUl *lSiJI 

LiiLjjiaL^JI jsJLc j<ujLi Boolean values «<L1jj («jJ9» qIjo mj jl jiill <_i oSLIIj 

.( f 1964-1815) J^j^v.jkiUj 

i«3 Jj;tiU CjuVoJI (Jjijjj jji (jLajji) : (j-CLj Li] I (j-G-uiaill ^1 Ljj-li-i I iLa 
oJlj* ^^-S 4^e_i_-^-i J a .U^a La^io 3Jl»-Ij (j! J^>o i« ISLiscIj d-ao^sLc JjjJuodj 
iLuljjJI ^Ijiejj-uLi ljLjJL*j^i£l bl '^« i j'* JJ."*"' 11 i£~*±3 * (j* 1984) 3iiu*JJI 

i^VI JSLuJLi t—u£3 La SjLc t^Jlj Logical con nective SjSU'.tl 

& ji ««» 

V «ji» 

( jt < « Jj o ' ^"" " 

(JiLo Ljl '^- 3 (j-C- ^-dJJ -1 ^ ** * .' J -.' ckjljyjl 0j-tb a\ JJsr~t( ill (^SLxjj 

jl CjLuIoLjj joJLc (j-u-J (_gj_ufc» ji ((r-jjJI (^^ ji SjuuajXI (_j^. Lai <_!j_jj>JI » 
Sjjjj^aJI 4jill a'jJt ^ inclusive S'. r v.« Lui «jl» jl Jaa>z .((SjLjLiL /<JLc 
5JUj>JI ^ VjS iS-lo^jJI LuLp- ^ exclusive <L.>Uuaxul Qa£j Lo LJLc Lx-Lu 

(_gi LluLS lil Ujj-co 4^^Lg3 (j_9^ "M _?' '" d - ' *"* " a • c r ! J3 J ? 1 ^' tlv^- 'LSjLluJI 

LjJ ti*-p lil (j-SLIj i(j-uSjL^5 (j-CJjVl (jo^ 3JL>- /_i ji iSjLco <_j jl I (j-a 
lil Lol n_jJiSLII jl 3 j - -— T1 ^ ^_j j f ^jLuj lil iajLi-o t_j =1 2-uASJIj 
(jj^Lj dJJjiSLa i4^^Lco «l» tixJL? lil «GI «<_i <=== l» 2 ^ ■>. s tl ^^Jjuj 

i«L£jl_»^3 «i_s» Cj_iLi lil SJajL^a OJ-^-* '"-r 1 < - === 1* <— ^ !j^-A /- 1 ca i«i_j» 
,jXJj t 3 MitfsjJ! ^yk: j^p-^1 oLuVI ttuuJ JlSj .2jil£ ((!» CLu\£ !i! lillj^j 
^' O- 1 ! 'U-^W Ct^ '-'K I il» '.^VL? JLlo .- 1 La c I j «Qjej^5 ^Ir (JjJjilJI (^SLaj 
.((jjjiJju (_^ ui <"< i ill jl Ltuj^S /_£ ul Lal» LtalaJLa ij- 1 '-*^ J-*J '" Luij>a ( _ T 3 

li!» : ^ ~c o a i2_^jj_jJLi LajIj * '^"" V 2_iJaj ,^7 . 1 1 LI JaSJI 3^^^ ^-*^ o! 

( _ t Ajj .2^jLi^3 "j J La3 (j! LjJS-aj ^jjl_L>JI ^La i/sJSijj (j! J^pJI '"■'•' I Laj i "I 
. Tr—pe-i^a (j n'Cttlj 2jilS « I)) jjli lil L9jLca 03^i " '" d J'^* a 
«(_y3» tix^Ljv 4_jJL*jL> 4 i iiq-^JI cL^SlaJiX I Jajlj^JI 4_JuJI «L<uL2JI JJl^oj 
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ijJgUI 6^j^JI £hlo 






i_j =1 !P 


LJ <==! 


i_iVl 


cd iil 


O- 3 


O 3 


a] a] 


cJ 


L^ 


cd o-= 


O 3 


C^ 


u^ o^ 3 


U^ 


ud 


Modus \_LlJo-i / wo. 


)9_0 , _«_<-; 


i-1! 1*1 *j 



lil lil ^ 

id (_ys id 

dl dl id 

(jl J_i^Ls i3Js.sL^ P Ci-JL^j P > Q (jl^ lil 4JI Jj-oj (^Jdlj ponens 

•.^jJLlII JS uJb Ljjjj-o IJLA i_*j£jj . <iJ3.}Lco I I >» J 1 Q (ja£j 

(aA(a^b))^ B 

de Morgan ' s «(jL>.j_a^ ^3 £juljja» (jl.io uu (jLJoJLJs I uai] idLufc <jl L»£ 

.Laws 

~|(aAb) =~ I A v~|b 

~|(AVB)= I A A Ib 
•.^JLl!^ jVjil<-oVI uk the reductio ab absurdum ~$'\ iSjj '^ ^^-^'i 

(A > B) = ( |B >~l A) 

L'i_'l$_«vj 4_JLa i<_j-i CjLijI l_L3j_& (jLi 'M «l2j^I3-!I ojui J).;.'^" 1 (jSLa-ij 

«<_!» (JjSj (jl Jj^La di!i (_,lr j i4^jL^3 « l» (jLi (_>l3jji!l (jiaja Lu I JJbj i3_iil£ 



Predicate Calculus: J$6A&t 1 

(S-$3 3j_lIo (J-«-^- (j-C j_l-lCJ 1 (_y3 uLUaJill i— il 1 n-»- aIJlJ-"ii ul LuSLaJ V 
j-^jj (jl JijJ LoJlJ-C ^L^Lai 1 I uaj] (_£>i-l (JJ-JLloj (Jj ^^ I LLa .^»VI ^l^jjl 

SJsjij (jrj-*j (jl (_5-Lc. (j_jj^LS (jjSLi (jl t_^*j ijoJLtJI (_y3 sLuial ^c (JpLiL^. 
j^jj (jij ^instantiation ^ ;> j.,MI 3Jl_i^o) L&JI jj 1V1 ^Jill L^jI i ^Lui'iM 
. 1 U ^ a 1 g * rt 1 »>»• « a 1 ' j *^* ' «Lc^_4j?e_a (^1 (^^jUIj (j_a (JS Jl^iJL) LiS I jl La 

liLlij "*l ^'' .'" . ''" " 'I M' ' " *" .s!jLLa! J_Aj-(JjJjJ>J, I I— ll I !!->■ Lil 7T 1 uJj 

jjjjJI '.(jLc^JjajjiJIj .quantifier jjjjJIj predicate JjJiJ>J.I (^j^SLa aIoj-'miLi 
La /«_&lj existential quantifier (_g^j^>-jJI jj mtlj universal quantifier Ktl 



I0J 



tjclVhmUl *lSiJI 

.variable j-uuJi, I S^SLi! «Lx-ijJjj jjb uuiaJiJI i_il i n~>- j^c Jjji^JU <— il . n> j-ja-j 
JL^-I ^yJajuj targument ji&) jl Jl»- «U function Jl i jl *_iLj j-& JjjjjsJJj 

. <(i dl ^_A (J-*J» *•((_>") * til 

(jLS lil LjjLi (jjA_jy i/yjjj-K^jjj) (jLS lil LSjLca (Jjj»j>J,! I jut (jj£Ljj 

Cjlj-JLLaiJ 4j^_lL>o VI SjJljlj^I £y> Sj-ji-^l i_2jjj>JI aI JiieIL-ul x_lIIX1 (j-«J 

:J1a }L*3 JJt^tJ jl 4Js}1-c i_2j_*j jl (J j o •> o II (jSLxjj .Ll*jljiiS JjjJLo 

0_a ,£_ I(JJ ) y.W; 

ipj_i (_gi (j_o 4_«_i3 pL>-jJ (jJ^- j^LS >*J iJjjjj>JL! 5^£Li) ^juwij xjLiIIj 
. LuLLajl = (((jjji) Q^^j LajJ^, « L«j)j)) «l<i_l2j1 *_^>_) 

C-U3 : ( _ 7 JLlII i—xjJ^pJu <( <lx_i-3 LC » 3e_>LlJ1 x_o a «<_Ji» Jjji^J,l Lljc-o.3 lil ^LiLtS 

J3_«>J.lj j-iLlI! t_ujp [lu&c I jl Lol . L>IiL^ (jl£ Lxjj (^JJIj i((jjoJ) i_J£ 

t(» ) jlS) ^ <<*>LC J_A «L<1_J_lSj -S 1^-11 3e_JLHJl Q^S_l3 t(«(jjj» t JS) 4 Q <^>Lc . 7T_t_L£Dlj 

Quantifiers jl$ai<if 

JJ I illlj <«.*.*.*, 3t_UiJ>iJ)) (_ T JLtJJ t(_jK J I JJ lull '.jljj.u'^ 1 (J-* tl)'- c '3 J *^JLxA 

. « -^j^ '» cr^iS l5-*3*"J^ 

'.^^JLlIlS I J 2 La i a I J *<* J-J-»J "o'^JrH*- ' .'I ' i_p» ^iJ"-« 

• ((o-) 6lj#>- ^= (lv) h^) (lv v ) 
.((^•o-) ^iliLw A (£_) a^lj^ < (^) oJj) (^a) (^ v) 
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c^ptj (p) 4jvIjj <-dLi& '(<_>") ^J o^ (j-° J^I o' S_«jL!lI1 S.>LaVI (j-Ujj 



Rules of inference J 2 Ami 2 1 Ml$rf 

( ^ ) _a 2 5" .~.. * SjUJl^j. CjI^Ls! ^1 Jj-ajjJI (j-o JV J" i 11VI JlcIjJS LuSLaj 
LxjiLii^c j^Jjiill jjjjjj (jjijjjjl (jjjjlS aI Jiiejj-uL> i(Jj3 (j-o 5jy>._jja till jLsl 
'■Liu lib jj i ii U j_l*jJ,I (J^i>-I ( _ T i^. (_g j La h (_gJJI (_,JSjl ^j — ^ii^A»~tlj j Hi, L^j^ 

(0 J-((o-) 3) a- v 

£^ J; JJJ ' ^ rt c^?-^-*-* L^jl- ( - 4J J d _ o^ J *«tjl J i" i "V 1 » 4-L L 4. t Jl £ju& /_ o i n*i j 
Jl^-^lII 3_j_ajj|^i. Oj3l JuSj .unification jl^-^iJI ^ ^ ml J}L>.VI jj^ia 
theorem <LjjJqJ II vIiLjjI viiLa-il IJ) J& LoLa Ij^Lj Rohinson oj ' " ' J.'J>1 
.Nilsson ((jj inlj't Jlill (_Luj-u (jyi^. jJaJl) .proving 



i4 S-jl to a JUS Cj^Lj t-j u j I: I gla» i -i j I La a SJLijla I -9 Js i"i jtxiajj 
/. I c (jLcjjisj^ <_i j i cij-p. tjl i .nil (_ 7 1^. UV-° J-* *-*^ ^i' 1 ^' Lr^ 'l-Pj- 
4 l"S (_gl j 23 1 "" V 4JI ( _ t Julaj 3j->- u jii 3-5^ 3-cj-^3j^ r - Lo-yJ iSja^ajXI 
i(j_4-iVI <_j_iLj>JI ( _ 3 -3 (J^-j-o j-A La (_yJI i_j-u^lll J-±i*J J-* ' . 'J I j • 3J^ 

SJlcLSj aI^IlIVI x_o ii_j (j^G- I J 7T ct^ M J tSjLdJalXI (_yl^. Sj 2j i a a r - c!*-l>. 
. Sjiai. J£ S JlvIj 3±£ VI tjhjjsZ (^SUj V 4JI Jj23 







l^U tj^kil ilUJ.1 1-9 JSLi 
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tjclVhmUl *lSiJI 

: ( _ y JLlJI ^C_JI (_yi^. 5Jl 1 noil S-Jj^/I fljj l^all (jX. ^-LjJtliJ (^SLx-l 

((T'O <_r^ ••(jr'jl J><-^ 
(t_i) 3 J i^utl-^jl^. 

(c_i) SjJ* 

•.^LlII ^till ^Ir (i_2Jl^JI) <Li5I j *tl 5 ja .^tl (JjSjj 

Or 1 ' L7^ '-^-^ J-*^ 3 
d-jJLill JlcIjJLI! /t_oUjjJI >j La «jj . 3^>- La 4jji i_Lt^-> cr-*-" i_2j^IaJI JJLso 

■ Q.pj^g)^;);^-! 
.^ji-l 3±£ ^1 l^jlr j S" 1 n" V 4JL9 Sj^. 3Jb£ c^JL? I jl uJJuu 

.(^1)^ <^(£l) t ^; A (^ A (l)j^-3 

,^JJ>*\ 3^ d US \l ) £U ' u\ «\_t£. ^IJ-i-l ^J-Jl «^_JjSj» J I (( *_L0J>O » L_OJJJfcJ 
(_yJ-11 (Jl Qi'VI (j-o 21 1 nli 11 JLxJ (JI-JlcIjJlII OJl^J l-ij^-O-TV^J-^' (_,\fj 

.j Mir (_yJL\II J L^aJI (^ LgJ (jlajjij (_ylll 3_L>-LlJ^LI 77\j-*J 3K ilit, I aj-tbj 
i_aljLji2l (j_o 4 I 1 11 I 1 11 (j j 2 -- I py_aujjj| JjLxj (jl ^^ji 4_i3=_uI^1jj/VIj 
(j-C i°". -a- jjj ijj'i/l ^^Hj-ill «L3Jl^ «(i_j 1 1) ^jlr » tj_oL>jjJI Jii-lj .3-uij^J! 
7j_oLjjjJI JjUt-ji i3 (O-^j 3J-C.L2JI Jl^=_j£ i(p i(_>u) (_,lr » (_yJI (_£-}j3 SjLcLJS 
i_3Jl^JI » Jaj dJJ JlJJ i<_! = p j 1 I <_! «(jjj)) 2 J j" 1 11 a 3Jl£.LoJI ojui j^.'^~ 

. ( I • tut) Jj^l ^yilj-flJI 

(l)j^. : I (_La> 
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3- .' ' ' ?? --fl H>""' f*3^-i tiUjJj t«(l) ^>-» 3-^~^ I jj-* J^i^i Lillii 3-^"""' J 

: (2 ■ La) 

.(T«g)jL*j| 

• r = f X \\ u i ii a 1 2 tjj , ... (| jC-J (_ylc» 3j^*^ ' JliLp. /t-au^jJI » jU" , ,,jj 
J_o-c JjL£ (I .r) jl»-jI» lj_a> u t-i < j j .(I ir) (jJLco Ur i jl 3-^"' «IJ^ 
1JlS_Aj t UiJL?e_a 7t_j_x-iDl «(|)^_J>.» Ij-^* «l» Q^-^- 1 tj' J^-J-uJ •Li'-'J -1 Ly^'* 3 * 

. ^j is 1 i_tS_c_a (» i i i) f-^>- » 3^-*° r - .' ' ^ * 

: IjjJl>- Liiij^ Lajut j, i ■ >>"_« dlljij i3 joJsj 
(<_j)j^v : 3 ' a & 

/j_aUj_JI (_f jj (j-u-J . ((_! i i) *-«->•» (jjjLcuJI (JjjJlI! «Ljl-uj Liila i«(<— ! i I) Jju!» 

JjjJL^o Ji^j?E_a_i j^^-^j) «*-*»•» <J (j ' u£jul jjjtiijl ^_A « J_*_)1 )) (jl «\j3jju, «u_u_uj 

. 3K Mitt (J^eJ "Or 1 ' ?-**■» (_j-^^-" J**^ ol-^ "(?T "t 1 ) Q^ r " 

«(i_! i I) (_,!{*» ^ C j aJ I i_3Jl^JI (j>^-i * l -" k w 3 .5Jl i nnll pJ-tJl ^-»- (_j la •_' 

ji Lft-i- L j i i _ 7 _jLLJl ^3 .! ^^" ' cSr^ uj^" ' 3- ^ "^"' a i<( (?T i( ) ) ct"^'* L^ N aj i ■■ rt 

(^SLa'i/ i4j| JljJI ^yfl J^-aJI I JtJi ouj- 5 j4i ' Jj^' j* ^^ 3^^ <S^ (jt- 1 ^' J^-Ai 
(jl .«L_Lc )«_jvljJLll (OJJ l*LIJ J-*-J <— i-3jl i_£J-!l "(v ' o ^ ** " ' J ^ '"' l -r^-' J ? ,J 
j! 2t\-^\l ^ «_a-heuristic reasoning 3_j£jjii,| S^^JI ^ pj-iJ! I JJt> jtljia-'ml 
dijcj (j^j j_j_aj-jj>- 1 i_2Juk JLLa '"' 3^*i ^ < ^-i il J-^" i—aljuk^l Jl>.| j_;^-- i 
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tjclVhmUl clSSJI 

/j_al_jj_i j, La «jg /j t~ 1 <-i^=tj (j^-ij 'JLc !_gj" i n a Cjli ji^ljjs ojuiu^j search 
!jl>. 3j_o- ^jbj Earl Sacerdoti ^ ^Jj-ij^Lu JJj V NOAH 2 LajJI jlJjj 

T~ J ' 1 I IJLA Jilo ?-Ll^><J ufA\ (Jjl i noil 3 J I nillj 

5J| i ii 1,1 JiLa-4-113 1 i i" i nV 1 4»^ .Utl Cjlii (JjUaiil (j^ _>^& (2>^ JJJiill ll>^-*i5 
jJaJll *l jLJeli-ub- Sj J g mi II i^JLa r>J SK^ia jf oMc:! L&I i iSiSU (^jJI 
<i_LilLc.j i ^ j 2 La * a <_)L«Ji -5j^=-o a S-iSjiJI (_^3 ajui (jSLIj i(_j-Jj2l 4^vjjJI £yi 
ojui (j^a j-jjSj j-j^I 4-ulj?"n nVl cUt-uiaJI Cjli (jLjijVI I J J a» IjJ (_yJ-ll (JjI i ntl 
J$l Mill a jufc JiL<i£ <Q^jj nil (^yjlaJI (_la- i nil j-j i iLfljj -i j'a dili JliLoj ii—iLtl'i/l 
^1 (Jj^sjjJI (3^>-«-i 2j i«llLaL>- (j^Si Ju3 (Jj i3j£J^ j_i£. CjuLu (JjLli L-J Lajj 
JiS^J i^^-JJLaa ( _ > I3_^3 *-^3J (_p-a i3jJL*-o 4_l!VjCL-uI CjLlLwlj aLlSJu VI (_L>- 
i— al m'iSV CjIJljSQII (j-o j_uSLII *lj-»-l J«-o <j!&\ CjLojLlaCjj^Ijj Lxii LiscjjJj 
(j La * 1 1 <_2^litJ ^js>-\ 4_l<u-oj Cj Lc. Lu-a ^Jjiaj joj I JL^Jj . I j£L&j . . . » llaj. a I 
k-JsjjS ^Lcu-iiU 4_pljjVI Cj LlLulI I djLjLiLa f-^J (jlSLoV ^j^l 4^vjjJI (j-o 

.jLa^VI 

J1J_<-a] Vila O^LH? cr^-^ ^J SIR £-*LJj-> ^,-3 U£ CjLjL-JI Jl£.ijj3 

iJ? _Lc t . « j sc j c?-^*" ^1>tH*-*-^ ^"-^ '*V** cH-^ CjIjl^jJI Cj Laa U t, 1 SJlcLs 
Ls_3_uL£ ^ ^ ^Minker & Gallaire j-SLJLlxj j^-J^- o^^ 1 ^ ^jl fn^nnVI 
4^jj (8)Levesque lIL^lojJ ^ILaI jJsj idiLjLjJl JlcIj^ ^^b j La ' 1 ( I a loir "mil 

(j\S 1]il_5 i3_Lal_^ J-J-^- Cjl_aj_L«i,1 \-$j£ 0.3^ cy^' iCjLjLuJI J^.1j^J <_>-£> L>* 
t j-jj-ll ^Ij-S^l ^J^C c_ll i mt&j glial i ajJ ajJLu-u iilLalS CjLjLuJI 3J^.LLj /^Jj| 

Jj_jila tj_j_tlij>. 7-aJ ^3^ 4Ti-u-a lZi\ • la * a 0^13 <-*JLut (jl j_^ flu^, JoJ I ^jjLa ^"J-J <uSLmja m a ^- '"" (*) 
(_ y i JljIjJLo i_4jj_pj =LualjJL« t eLfl-iTiie-a aLjcj*-! Cilj ,_^lj^^?l ,j-a «(j» JJlC Jt^jJ dil ■ t-> • t, 1 ^Jl>.J 

t j_a j_Tl£I Jjj jj-*-) V 4JI L^JJJ (jjfl td-Ln-a JlcI^ p Lul *_a (^>i-l 3 Ja-LA>a (^J 4jJL>JI ^ Jo uaJ I 
sGJqJI d i U . ^ \ I jj| a td_La jjLita I ,_^j^ t3^ i_>^J^ f'-^J- 1 0' JJ-^ ** ^1 J i3jL>-ljJl OjX> i^ j^ysjJb 

4_t^3jji * Lul Nilsson (Jj-^Jlu ^S 4iSLjoXI ^>Jl^J tLAalXa ^LuSi^ ^ j Jj ' ^ ^ • Jl -" l L^*l JlsbIImjI <35L<a_) 
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4_«J -ij^-J (j-« J-i2 «LJI ljJ m-i-a-J J^JJJ • << l£J'- dh 1 '" J'-i-*- ,-"3J^ 3 ; la *_' 
■ 7r_L.-ie-i^3 J*C ifuJ (Jlj i nil I jjfc Jila ^If 3jL>-^U iJL>JLI IJLA (^^c 
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2*44* 

declarative 3_lLlII 3_3jjlI! ^Ij_a ^^a J-^-jj V 
L«_Lj_i t Lg-al JlJ-"iih1 <Lloj£ <_,!£. Jjj La knowledge 
procedural 3_<_jIj_^v^I 3_3j_»_I.I jlj_a ^j^L^-o 
J^v <Lx-l^Ij CjLo^Lla ^Ir-JjLiUl (^-knowledge 

(_j_a 4_j_lLLll Lq-i-L-1 il _i i nL>Jl pr_alj_l L^-aJiir" i n"t 
(JjIuuJ! (jl i— ijjjilll Ijufc^^i^. i—3jlaj i43l j ^-aUjjJI 

(j-a JljP-^JI jjfc procedural repreoentation ^Ij^vV! 
JSLlVU S^tkiJI SjjLUI j£Jj ^J ^JJI t-iL&JI (>« 

J-iLJS /t_aLjj_J ^ La i ulj J Jx.!jJl!I OJLA I d "j i^eJil 
Jj Jl La-j 3j1_l«JI CjLoiS *-jLj3 ^li li! La ^j^2j (_yi^. 

Jo uijj .^jja-i 3Jl£.IJ3 <— ijj>o i«_iLll!l I j-tb ( _ J \c Sj^jJ 
ocano 7t in <n (_£J-J1 ^_aUj_jJI ^yjlj^vV! J-LTLarJI 
(jjj .(_,«!! nVl <_*ijJll i_2jji3 (_jjJI JlcIjJlIIj iCjLaiSDI 



tjclVhmUl *lSiJI 

J t\* jjf (j^Laj V 2 i I < 1, 1 5_3jj(Ji,l 3jLo (jl da >. N J (jl daiLj I i^jLSJI <-l!J-flJ 
(jl (j-S-a-i V liDjaj '2jjj i iLdj CjUIjj>-Li jcajj (jl t_*^=J 4_cSLtj iL^jljij 4-ajLs 
SjLjS i.I U~* j . LaLaj Lulj^-I (jjSLj O' (l^-*- 1 O^ '' : ^!-" wl»« ?V a H>^ L " 0.3^} 
CjI j «Lx_aj_i 4_«J a! Jiir'n ul 4_<JLc 4^vjJj 4_tl*-a S^jjla (_ji£. i_£ji*J ;*-aUj_i 

loLa^Ldl ^^a j_u£JI pj-illl (2>c j-iojilILj tc_«_cu-l! wideoyntax «» i.ria»i_^i^3 

(^1 Cj LojJLjlJ, I jO-ta-j-a (J_lj*_j (jl (_,i£. jy-ajjJ,l JJi^JJ i_xjS^1!I j-lxj L«-Lo 

. ^.aLijjJI (j-a 4_ulj^-VI ^Ij^-^l 

. \jLJI 31«j>JI JjiftJ liili £-^>3i 

.(j^JjJLa (j^_jSj^_a^l 1j (j-\_u_ul^j_u 21 1 _i^_L>J1 *_lx->. 

•.^yJjVl 4j>-jJl1I ,jji (jlaJll Jjiit^L-uLi L$J (jJbtXI JjiUlJI (jj^r^ 

VjJ-° <=(((t>") C^i>° 5 V (<>") cAhI>"4) ^ (l>") Lf-^) (o-^) 

-Sja-aj-JI 2JL! ^loitluil *-a ^JLiJI J< miILi (jjSOS 4-ulj^vVI Sjj^aJI La? 

: (2) MICRO PLANNER: 

((jjjS * )j J_a)«L*_uj) 

((jo. 5 (_£ J-cv) i_2Jui 
((jj S (_ T Lulj-<-ul i_2Jui) jl) 

((Co-" 5 (j^i>«5 ^^»>) 
a! Lijjua La j^it ui (jL? I jl La^j^SjJ (jiaJ.1 JjilaaJI aJlJ-'i i aJ (jl (jSLajj 

^SUjj . LlLuIj^uI (j^jJ Lijj^a (jjSj V i^JJI ^jlLsJI (jl i^LuV dllJSj iV 

it_)jjua «(jjj» La |j^3 (jl CjLjjV t4-ua-frj| oJl£J (^Ij^-VI (JjiLa^JI aJlJt" i uj (jl 
C^su>o IjLa i^yiuljjjl «Lj| C^jjI idilj ^ Cjjauso I jLa ii^JlJcv <tj| Vjl CjjjI 
t-ijjjj JjLstJj i^j^jjua] «bl C^jjI i".l Mi'q lilj i(jL*j_JI jj* 1 043 idili ^ 

.Sj^sU- 4-L*jfcl oWjiluiVlj termo JjJoJI 
(JJl>- jLi JlSj iJjiLajJI (_,K i"it 4jj 1 11 ill <_jo-l«JIj Ciljjo oil (jVI (_pajj(jj 

.CjLLh-i-uJI <blji-i (^ IJLA J^v jjj£ 

/t_alj_j 3?lj^ (j_a j-jTlSLj J J '"i CjLjLj_JI jlj^ S^Ij^S :3?Ij^JI ^Ijj . .. 
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^IjpUl JoiduJI 

(JlU.1 <j-« aLjlII IJljJu I JLA 4-Lqjfcl it uaj »j t^ '^ Laical I J^*^ d LaL>. < t_*_uL>J1 

4-ulj^-2l 5j(j La] I (2>^J '"^f'J-M wjUUlI LaSj 4 nh-ie-a CjljjjjLlo l _ 7 ^ cbiliica 
*j j uaJ I j_lxj3 IjL^Jj . js>-X jjjjUjj (j-o I M~A»* jjs Cj I j-liuJ, I (ji^- 'J J 2 1 Ij 

S-aL^I (j^L«j Lt£ 1(JjJljLLII (_i J j ml 3_lL«J,I 3-j-LJI .JjJjiI!! 2tj j . .. 

? lS jj| w_o|j_i j^Laj /^ 4_l3L>- 4_L«jkl ! JL^Jj .jjSI 2ljj • iU 3 JjJl>- CjLo^1*-o 
(jl ^Ir 3jJl2JI (_gl i3_<-ujL<di,l ,j-o /oialJI ^Ir SjjJUl I /pi ta^jj ,^^l Lta loz! 

, (j , ,.<- ^.uULll (J_C£1j2j1 ^_k}_)1) 4Sjl ( u ^j-* ^ ' '"^ ' /t-OUjaJI (J Jut-1 

c-jj ^^Aj-S-Sj toll ((^^jQJ! |_gj"i i mU» -llj-o (jim J (^>c J-^»J '• 3-3jJ>-l,l «'jj L* 
Cjjj_J3» 2_J3^1jl!l3 :3_ulj^vVI jj-LiaJI ,_i jSi 3Jj j • .. w<2'aj .1 1 t |jj Lo» (j-o 
aJ^UI (j-o ^iS' AjLa-"i n"t V I JojjIiJ 4jJLSjjI 4J3^L*£ jJ^Lju (jl tj^-S-i «(j-° 

v2jLojJ_«J.I (j^5 £><J! I J-& 3-lL«I! jj-lqJI <_<-<-iiLjj Vj .SjIoLil^I Slmlm ^ 

«LuLjii»JI '"tljU^lt d ^j^.tl «LlJll1I ^1 (Jj^sjjJI t_J t->"_' L^ol Jiiejj-ul (j2 1 1 Jlxs. 

. Mia 4jjl^>£i]! ^I^L^JlS 



.7j_oLJjjJI (_jL? (jjfcj (^ Lulj i_dJj oj^i ^UjJ! 3_p-LiII (j-o ij^j 't^^^ 

JjVl f-jj>J\ (jl^ lil VI /ttjij V 3±4J>JI (JJ5 (jjlll! *j^>JI 0' JtjLflljJI (j-O 



IS 



lJ cl'ihi/>UI .ISSJI 

* «Li CxjUS {£ JJI <-_*_u^lJ1 (j-u-OJ j_A oJJb> (j^^Li La 3_}l_Cj t^-*-* *—*tA>^ j d - '^^ 
(j-a £■[>»• 1 L<ul J udLLA l£>^"' ^jW*^ J' *-* ^L^^T * * *'" O'J ^LlLla Cjl_«jl«_a 

Sj^cLa :3_lj!j^>.VI 3^=_oj_JI oUJJ Ijlx>. Uoj^j Micro-planner JiUj 
(j_c SjL^. Sjji-'i/lj itheoremo 2 j> fc. j (j-\_aljjj cjLjLu £yi 3JjSLa 3^jjlx1I 

L*jb j j n't cjUIj^j-VI oJLjfc ^^a oWj'uiVI j-j-«->- 0' l^\ 2-aLxbVLij 

T-Lij^l JLcljJS Cj^3 $ Hi u ' "£\r' 3j-^' oi^ iS-iJlst-aj ^LxjIoIj CjL&L>oI (_3 

Jjj^la (j-c ^1 Iaji I j ''"*.'.' ttLuj'VI JlcIj^ J i *•»"" V Lx-Lu ij^i-VI LgXa J£ 

I. nS^all L^ILlLiLS (_A «Lu-uL-ul 3^-lo ?-LiJ2l /<s!iaj «Ll^L>JI ojui ^ La »~j j mla 
^1 2 '^ II aJI 3_ulj^VI /oJaJJI (j£. ^IVitl ^1 I JJt, ,_£.jf JlSj imodularity 

*Lx^>- I J j 3 (j-0-»-LJ! (j-o J-JJ^ l£'J C7-^'j ' 1-Ajj-flJ Lt-^' <JliL>.l~'~(i nVI JJlC 
. 4jljjjI_jJI '"" ^J .U"ll ^3 * U '. 1 1 jj^i aIjlJejjjjI _lUd 



II 



ts*\^\S ^\^\ 



J-9_9 i_p_>jJ_JI m ■■" ' ( Jj_oj_j 4____3a t^J_jJL>i_) 2 I _^____h t _3 Jj_>-jJ,I _JlTi<J-l 4_c_>-j_. (J-ujj _Jl_uJ 'Jut ( I) 
. ((<__»- j-lt I) . _-_jj_*JI *_£jl__tJI tJ iil 4_c_£__ ' ■ * La ■ __2 ^3_Jl>oVI _^____ll_) _Jl--ll (j^? 0l_La.J1Jtj_._u I 

(2) Hewitt C( 1 972), "Deocription and theoretical analyoio (uoing oche-mata) of PLANNER: a language 
for proving theoremo and manipulating modelo in a robot". Memo Al-TR-258, MIT. 

(3) Winograd T.(1975), Frame repreoentation and the declarative/ procedural controversy", in 
Repreoentation and understanding: Studied in cognitive Science, Bobrow and Collino (edS), New York, 
Academic. PreSS, pp. 185-210 

:-uJL__l_VLi 4_j_L*J L~ ^LUI JUL! £-^=jj (4) 
5 -=c_ Jit __=?6--'ii! 
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«i£U\ 4&mU 1 1 






4**2* 

J ajtll jj-a iicj_aj*_a (j-a 4-JVjJI 4 S, i i"i 1 1 (jjSju 

jJL*JI J!Uj aLc 4jv^jj arcs, (jjljjal ^3^,'j" nodes 
aJ-& (j^_j CjLs^LjlJI (jjilj^^l /j La »" Lo_Lo (o-ukLia 
»1 o i rr Li 4Jaj . .. ,tl jJL«JI ^ o i nl La SjLcj ./uj^Lall 
I JljJLu jj^I J?<ll Lai 1 1 J ic J-^ Cy-*-" AJjfcLiXI 

ill I S, I ("l I J I "■-" (_5-*J •-! I "I SjjJ ' '" ' ' .' L$-l (J <nl^ 

iljK j lu II aIjLJ-" ml 3j^3 i . . 1 11 Sj . 3_jiLj^ 3_JV^ 

(jLij^ ^Jl 3_lJLulJ^I S^jjlII J^iuij 4-JVjJI 
«(_ui4j (^^j JijLLaj» SjLi^ (JtH-*- 1 o^-* j w 3 • Quilian 

•.^LUI 4*^1 Jul 

•.^VL? 3jL£ I^Ij'ki" (jSLxj L<S 

i5j_*_ul Jl 4^ft^A^J La Ao^ila 1 la lm > La 3_}Lcj 

/j I c (JjdJ <(p» AljLa-" 1 nUj 1 I jjQ I j Jag j-A (JjSLjj 
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tjclVhmUl clSSJI 
_|L2~JI (tl^Mlb J~*JI J$U 

jjfcj Lu ui l£.UTl»j lLi3 j-Aj LijlS JjLLsj (c-uj 3-Aj) cr}31 L)\ 4JL«j>JI o JL& (Jj-23 



(j^_4Jj i/sx.1 jajjiLH «L*-oL>- CjVLv 4JjJj(Ji,l j-;^- JujjlJI tJjSLj La LaJLc.j 
(J-cajJJ i<OJ-C.I « I -Ja^i) (^^ Lji 4-i>-V S^LUou 5)ii i^aJI 3JLv ( _ T 3 (J3-i-«3 £)l 

jj* (jjJI SijUJI jl 4^.jju>J,Li individual jj_aJ! «£» 43>L«JI Jajp 0^1 

Kljj-a 3_j-Cj-3 3_C j_4^jc_a » I j"tV vj <((i_3» (_£>i-! iJS^Lc. iJJLlAj i I g-L3 j <>>'■■ 
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OuJU^JI cK.iVill 



« l-^^-Ja-j)) i_! (((^jjd 3jJL*JI 2 'j I c (j-SLa-U (j-a 4JI i^jLill ' La a. ." J Jl3 



. • ajqac a JSLiIiJ I i J ' a (_p «_a (J_aL»jj (ji 4_<J 2 SLlm\ iUSLulSLxa (_£2 JaVj i^^-ulU 
(jS_«-! I Ji£Lifcj i^Lb 2 1 jJL*JI « L^jjIjjjd La S^Lc a^I Sjiitll «7-» ( _ > ^>Ijj>JIj 
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tjclVhmUl clSSJI 






a!jju! 2 j i j La a. ^1 oblLiVI (j^iSjjJiJLui (_£jL>-j JA5J f^J Cii! JL3J 
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OuJU^JI cK.iVill 



«lLu>J1 ^^^ H>^ '^i-^ t<( tj "^j"*" l^-^ c^-'J i£j'- a l)5^ ' >^-*^» (_P-« 4jLu>J 

•.(j-a i—ij-cia (j-a Ue-cblj Qi^i L>" 'Lr^d "-^ 






. LtS_a_4 4JLaj>Ji «L?e_x-iD jLlL>.1 ^JjtJ*-) Lc_a t«< l) » >» t » aLjuI a j J d 1 I 

L>JI ^^.S 3_oL»JI '"«! d-ua-ll j j taj "-f^p- (_j-lLlll *u-uj-ll lillj tc-Usjjj 
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tjclVhmUl clSSJI 



4J Vjju*-o a^g-aJ, I ?c_j_cal I j£L<fcj iSj?<S a^dXI (_>»iAj 4j£ j J La-J j^>-l (J^-"< 

^1 «GjJiJ i_a>Lo.l x_o ( jj_a_L<iJ 3_ulj^^l oVUJ! ^Jtj tiili «LuijJ 
(2)£. (jjJLUI ijr ^- j i <t^J 1 /cj-u^Jl j-lxjj . «UL^tS (j-ujjj «Ut_j_u£iS «UIlxj *-^^>- (J-*>^i 
Simmons j^jij < " aJ^ J^j . «a_j-JI Jl^la ^'-'-"^JD-'^' (.iKtl (jjjj^vd SIa^JI 
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OuJU^JI cK.iVill 



Texonomies <WUJI mUmmAmJI 

(J^L*jj (_ 7 j-!I cjLlLiaJI ^ La 1 ul^j a jijr" 1 n"t (jP-It 1 Ij3 L^jJI LJjjil u^i\ i-dij jiLo 

A^l 3jJL*JI (j-° (_>-oljJ>JI (Jill (_gi iSjIjjJI joSj>0 CjLlSLol^LuiS tCjKj Mill «_a 



125 



tjclVhmUl clSSJI 

j Lajc) /ox. Jio partitioned semantic networks Slj^J,! 3-JVjJI cjKjJuJ! ^ 
. (disjoint Subset Jj^iia pji) ro^j i (direct element-j^uL^a 
(jj-LsjjILa (J3-?\9 (J-3^9 .>-*r!- L ^ >< l {^ ,> 4^9^L*jl 4_a_i3 ^JLjJl ^j_ujJ1 tc-uojjj 
' La j "j j j i •" J j a 4 j~ (*u Sj^LiJIj «Lxj^»- lI^jSjjI jJi3 '■(_, ' "jl>J jj"^ i (_y3 
j J *~) a^j>iX1 i la uj ' La-Lu fl«i)) (j-^5^ 4 la ' ut aj ^j-\_j- a -^^' ' «L£^a-a^e-aj «G^t!*-Ji 
. Sj^liJI Jl>.| (j_9^J "-^ ^' (JV - ^ "P" L>"-3^ (<— 2j^_*-a 



«(C-i3»J ((j-« d J C j 3 4_£^4_a^?E_a) «i_2» (j■^— ) JJ^-aJl ^JLjJI ^-i-u^Jl ^-uojjj 

4 j 1 11 tj^J 4_iSLj^-al La djjjua (JjSj (jl (3^>-«-i ^1-3 . (4 1 1 a a * a 4_ulji <icj_aj*_a) 

cL-LiJl^ j~i i n j I (1)5tH O' u*-^' '-^ (J~* ' la ' '"' ' " * tji ^_auj_Aj ^£*jQ^ LdJJLij 
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OuJU^JI cK.iVill 



Partitioning semantic networks AmIS^JI wI&mJI <MJAii 



Jul£. (j-U Jajljlj liJLiji (jjSLj 0' (l^-*- 1 ^-*^ iCjLa-l I nil aJJt (j-O J^'\ J! Jl>-Ij 

JjJl^J Sj_iLc UajljM^JI eJJb f-i-^>- j\-fLC.\ i-t^J d^-^J ' ** " " "" " £"J»I ""» (^ 
. 4 S j mi 1 1 4j_^j>o CjLvI i ii U i_2jjjj . 4 n I" -»J, 1 CjLvi mil 
(-ilLufc)) Sjux. (J_lL$j ^ySjJuJb ^j^. J4^t-Ll 0U.ii iJT sr j i^^lll ^j-ujJI (j-tjjj 
,_p3ljJL3l (_j-&J 3lj^>JU Cj I S I mi II 3-oL& tLaj^a (j^-JJ L4S i«3jLuj/ l*!£L«-! (_>>-J 
Li_Aj .Cjl>-i i nil ^j-* «L>.LtaL« ^^1 L« 3Jlj>o ^j *-> ' a SeJ LaJlJ^. m^Js^-^JI jj i nil 
«LjS_Laj jjjjLJI jj^- CjL«^Lla <J!L« t«LulJL>. Cjl_a^JL«_a ^i^. « I A» <L>-1 mi 11 (_£^H^O 
(j\JLA (J^-j» 2a JIajj . 3-Uj>JI -" j a (^ SjijLa CjI j (j_j£i -^ Ct-*-" iCjIjIj i nil 

. <J_jIL<iILj 1 jj-* jj i^aJI 0ju& ^Jl (iSjLiii iiJLLix->» SjLuu 4_<t>»^Iij1 ^-Aj 



«(j\j>JI 
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tjclVhmUl clSSJI 



«N» 3Jl2jl!u «D» 3jl2jl!I J i .", , ,.~,a-^JI , ^.AiVI \ i^ LM \- (J Jui\ (J-jixj j^SLxjj 
equivalence aIjlJ-"miIj Lol (j\ < lialll ,j^. ^lajiIII (^SLajj q*'^.' J^ '^»*'»VIj 
t^JLUI fu-ujJ! j-cbjj L£ jl (I r v i t j)=(i t j <= I) 
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6^JU^JI cK.iVill 

( V x E x ) p (x) < = > (v x) (member (x,X) ==> p (x)) 
(j^Lflj ^\£A\ jj i nil jjj i rVi 3J.jL»-a (_gl ^1 (^ 3JjL«J,l a jus SjJa (j-«£jj 

<j-lj . I * o ' gaj ti 1 Juk (j2 tfLuilaJLl I I >l uaAJl ^jl^Ha Ji ^-aL>. <J_jIl4j Jl>-jj 2j 
La jJl^j VI ljJij_a-4j S_Llal LUk^.1 fj jJI-4-JVjJI oKj-iJI Jji<u Qi^ 
/T_oljjJI ojufc (JlLo (JjjjLJj . LjJjuj u^C- 3j-iLa c-u nLaJJ /^.aljj (j^ tillxifc ij.3^} 
( _ 3 _&j-<Jl>tj_LiuJi,l J^L-vV (_, » 1 1 "i Ljjl (^-i-«-*J unification, SjO-p-jj 3_Lojjl^it^ 
(Jlj i n II 2 ''j I 2 »J dJJ j_! AJ-23 (_yJkJ iLlxjlj!u-'L<i T ia (^^ ^J ^^e-J-i CjVj^jc-o 

^^SLx-i ^jJlj (( j JljjJjI * tj-^-i £y*» <_P-« (Jt Luuia . «l>.lU,1 <j_4^>J1 (j-« «Lcj_4^e_4j 



4_J_U2J a! JlJ>"<< II U « JlJ_1_u1 (J^-» * ij~LUJt) (JllX-1 ^JJl (Q-i-U^JU «QjjLiL« (__£jJ?E_» 

(jl diljij ( .i.iLsJI /^-alijj » .lLu mjg ipattern matching Ci^/s uul\ 51 &l '>>« 
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tjclVhmUl *lSiJI 

(_j-j-JI dJULjJ LoLx-i 4-jjl i ii a 4_lU-«JI eJJbj . «(J_$J = (j-u» 21j j . „\ (_L>JI Jljsj 

-t_i!j^VI ,J£Lui» o\ 111? La Schubert Ojjjji sji jJsj . 3-U-JaXa cjLjLSLj 
jls Lul i«S J^ ^oL>JI (_L*» J!jj-u tcjIsjjj i(_p=jJiJI 1 04! access skele ton> 



- L4XJ-J (j-a iQj j j -^ 2 -1 la J! «Lb ^ 4-JVjJI cIjLClAII C^-ojieli-ul jJLl 
mineral o^Lxl\ us\ uluZU 3-^UJI oLjlSoIJLi fO&J i^JJ! PROS PECTOR, 
(j^ 2 a^iog S^vjjj ^lii"unl (_gjjlj t (j Mif «_iLJI J.^Atl jt^M) prospecting 
JjI^jj CjKj i'iII 3jJ3 (jl Tccisjj (jl (Jj^iAII I Jufc ^^3 LiJjLv JuSj <LtI2qJI aJJb 
J^ j it J SjJi (ji_i 1 La 1 "j (_L>- Lo-jt.} liJLui Qi^ 0' "^*J S*" Lu-aJl J-Sjuj 

jLJuj! (jL? I oK 1 1 Jlx>- 1 1 uj j a " JSLl^JI (jL? I » K k ij . ..*t I ^.oLJjjJIj cjLjLlJI 
3JLI (_kJj_o Ronald Brachman, (jL*i.lj_ijJLJjj - $1a j^JJ 1 1 Li I S3 ji^lj 
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6uJU^JI CK.iVlll 



4-^jjJI ,j_o jU ;t| a|jLa-"niL jL<ii (^ JJ! Jj_uLij iKlone y 3-^e_aj_JI 

<— ijl i nlj Fahlman (jLi^JLaj i cjjjjJo JLacIj ijIjjjiVI LuLmtj (jJjVI 

i - 1 1 ^ j , u " d u , ,.lj i 4jj|jio «LujjjiL>- CjLlLwlj aLloI! «L>.^ial (_JJJ! «LlJI 

. ^LlLulJI i~<I Sj^iU'tU illuiil'dl (HJj&Liil (J-U-4J I 'I I nLX-lj 4£ J (j^ I n-a-"ll \Ij U ,UU 

Sjiimliitl i2jLJl£Lo>Lt ,_£>>• VI CjLujVI (^c Ll& jj£| LoLilAl I al Ixtag.? JL3j 
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i-*W*\ tfc\# ■ 4 






ij'' * .' (_y3j Post ("i mij-jJ (_gj_ojJI J La ' 1 1 I g i a j 

SJiJJI (<s_Lc (j^j Markov, i_aj£jl_l oL-aJjIjJ-JI 

(2) 
3.}Lc.l J c la S< '"■ a ' Scj i "I <^p- /j-S. maj mi"I 



J_«^v 3_i_Li U \c dstjj£i\l rewriting rules 3_iL£L!l 

.a^.uti cjUui 

(j-CiVI <_jjL>JI (jjjLLaj i LiJ3j_a LLgaw I j LilS 4JI ujlxAi 
(jjtflj (j-a j-u±iz\ i_jL>JI JUjUlLi Lla^ iSJlcLiII jj-a 
i La jlj-3 iUtjL jjrmtl Q5S0 La LJLcj . 3ji£.Lx!l 
*!jJ! Jl^-^j V jl .liLljiT LojIj j_aVl (j^-J (jSDj 

.(Jjw(JI (JSLi j I L-iajU (_pL«i (_jJ^ i3.' ' "° 

/j I C JL^Ijlj (_g jJI /T_a Llj j I I (JJ-S^-J La SjLCJ 
J^IjJlII Sx.jAj^a (j_a SJjSUI Ji£.ljji!l 3ji£.LJ3 - 1 

:iiUi Jliu 



SI 



tjclVhmUl *lSiJI 

/Jill 4-uSLt^ll cjLjLlJI (j-o ^^iSI jl Jl>.Ij (j-° u_9^~"J (3jLi>JI Sjl^LS -2 

tj o mi" (jl t^^- 4 - 1 *-*^ (aL^ILaVI jJLjtx-i ^ la U) a «L5j)^_«_a Jj ^^ Ct~^ (-£3-*-*° 

.CjLijjjilII (_pmJ I Laj| 
3Jl£.Ls (_gi jJl^o (_J<JI 'Lj-!'^ I ''".J ^J t J^l ftilla (JjLisJI a. ' A j ■ '"- 1 " -3 

.. . i iiLUI (JjiaJI 'j-JJJ "-r*rH>^ L?Wj ' ij .' ' 
3 "' T" ,* _ ^"' ' "„' Ij^Jj J , ..A^lt i_aj|^ji_a i_«jSj3 JlcIjJLIIj (jjl asellj 

(jjlAia J I 3 JlJ Jl>- (J}5|JL>- ^j^yLSr-'ll lllj l L#J ji ji L^JS Ji^O ^1 (Jj-3JJJJ I J 2 La ' a 

t«(j il 2 -^ II pa «CjuLj_J1» (j-o ujb tc_l£d1j Jjj"^ *^lLxA (j-ojjj . 4_Ll«_« (jj_iLiL>. 
[j I «" Lo-yJ i/*-aUj_JI (_y3 cLLtt-iiai,' 4-<ul jJI <13jj<1,I LL& «(j}jlJL>JLi» (_, it'h nj 



r 




^ "■ tl-j , ,. a 1 1 w_al_Jj_JI 3_JT (jx. S-L^-Lii^l ji£.lji!l J -^'a S^SLs ^£3 j«J 
njVI I gale fjfjb (_JiII 7-jj^5^JI 3->-jJ (j ■■*'; Lu 1.^-/7 1" mi nV! 3JT SjLc (_, <i i n~ 
L^j^I^js J^ i n"t (_J^>- ^ISLoVI jJ^Sj LlLla ^Is" i"i JlcIjJDI jiitU (j\- l _ r c\j^ <^^>- 
jj& ^ 3-JUJI u-&, iulj^vVI 4*^1 c^Jl£ jJl3 . 3-cSU-« 3^-jj (j-^aS? ^I 

j j ... A" t jj U i 3_3j_*J,l 3ji£.LJ3 iUt~A»* <±*-l>- i'Ll>-L1JVI JlcIjJlJI /j_olj_i (j-a 
J i c Jjj La j JlX.IjJL!I I J j a J Ltaqj jr_aljj J^-JJ ^Vl (_JL>-j .<i3j_»Ji,l ojui 
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$.l£ JlJI ^ j ifrLfl-a ^ 1 c (jj_j_a_c ^_ljLj «U L_Lj*_$_La LajL^Lj j i "- 1 ' la J^J^JijI 
.^Vl ( _ 7 i»- CJj^la (_^<-!l ti^toJI tlilj^i (_5-i^-J tyg I ita iazl 
C^ltujo UK-LaLmjl >£lj tla liU? ijO-Lu^l JlClIjJl!! 3i:Lu-a CjjL? I aKj 

,j-a JLso (jl (^SLxj .U_.,„wtl ^ SiajjH,! cLc.Lu.aJI (j^ "^1 •^t^^ 1 )" Jl£:Ij2JI 

. 2_3j_«_1,| CjVLx_a (j_o ij-<-*-a (JLsca ( _ T 3 I J Lu 1 i (3^-* J ct^' CjuLlxII «Lj£.jj 

La^ 'j i " a 1 Ij JLcljJjJI 3_c.l_j_ca (j-u JuiWrtl fj^ ^Lla (3^'>J liJLs jj .ijlj 

. 2_JVjJI oKjMitl 2t IjJ 2_3jjiJ,I Jjlaj J_p> (_Ll3 (j-a Lj^j 

ijffi ajJI SjicLs 

; JlcIjJLIIj jjjl flseJJ j i u-flJ I 7t_tu^ Jju (JjLisJI 3Jl£.L9 

OJ.' .' ??- H>^ L " '-4^1 J- 1 * 3 -^ *^"^ 4JLJi>. ojlaj) lL^s (jjiSLLj^ : 3-4JLJL>. 

2 ij I U 1 1 Ja j^ ,"| 1 1 t^^s* (_ic (_gjisej 2_3jjtJ,| Jjjj (j-o N 3j i u a IjiJb (JlLaj 
l_gl /_3 3-jjy J^J->J 2 «LJi cdJi u \r i—ujla S-Lt-L-tla 3^c_£u Jjlj . I ^SxiIajJ 

• 3 .' "■* o' ij -0 '(?*'"" Li3j^-<i (J-^-' D' (j^ a j"'<8 "" 7I SJ^-LSJ' l?J- u '"_>*' ' 0^-° 
J^ (jl ^^Jj-aj ij^wiil (Jji-i ^^cjCLcuj (jl Sji£.Li! (jSLaj V «bl 4jjc_uj (^ijj 
(_Jjjj/ JLct a-5jj 2 j i nilLi CjJlxj La <-3jju Vj i L Jjji.'^l JlcIj^JLi 2_L*L>. ajtcL^ 

. \j~ i nSjjal J1SL9 JJJJ (»J-5j (_g JJI j LoAll 
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tjclVhmUl clSSJI 

(j-C 3-Sjjlo (_gl (jj-i 4Jal i ii j_) Lto ^-* j ?° ^1 '41^>J i_£i (_5-3 L4I0 (_gl 1 La lJi " 

<* la 1 "'j J jj 2 " J 3 «Lfl_L^>J1 i _ T 3 L^-al JlJ>" < til t cj3_^3 Lai . L^al JL>"< 1 u\ 4jJu& 

^j>J1 (_ T J3 I g * c Cj^Lj-l^-hj ^yULi aJuL) l_3^j_u «\_ljjla ^-uLjlI, ULJa j loAJU 
(_y3j iS-lje-uIj"! nl (_gi Ltjla ciJLufc (jj^J V JlSj .-.I ,>.al "tt j_L-v ( 2^c ^jJLlII 
. «Li CjJ~& (_gJJI l-j-U^jJu JlcljJLlI a JLa-"i 1 n"t 3JL>JI tfjut 
f^ 3_l>-LL>VI Ji£.ljJLll SjlcLs aI JlJ-"ii ill 2 J » J ' " Ljlj-a (J^aiclj (jl (j^-«->J 

(3j^£JLo ol Jl>-j «Li-ufc (_,i^.) 1— *jS^iLI Sj j A 1 1 L^LlLLSJ IjJij . /_Jj Lo J-lLujJI 

(jl (JJ.J 1 JJ U "l J (jl (j-^-*J dJJJLJJ l^_oLjjjJI (JjJjU J^ I ill! ,j^ 7T J I r~H "liLa 

Vj ■ ' c lj 2 II (_LjJ_*j jl i_2Jl>- j\ iaLUsLj 7j_oLJj_lU (_,Kj<jll i_xj^lll j I J * J 
jljjl I <i K iaLc 4j»-^JJ . 4-liJL>JI Cilj_uti!l Jlta i2jLLLj1».I iiiejV rLbtJ 
I J a J I j ' <JJ_iLi I 1 a-* jlaJ I J I gj -* 1 a ( _ > l3l^L9l «j:-jL«ujaJu JlcIjJLI! JJLc 

( _ t jJI 3Jl_ljvjJI (_,_a 4_ljvL1JVI Ji£.ljJjJ! 3Ji£.l3 2i> jT« i". 1 int «_iLaJLij 

^.a I j a , ^ '■ (J jLJIj-3_iK_i < jll »l j uiVI jl cjLiLSLILa n_xj^lll iLuLSLol ^ la «* 

cLdJUie-a «L2j^_L}j (jSLIj I Jaj| dJJj (Jjujj-^LLII (J-ia^ll 
3_lL>LSJI lTjIJ £-alj_JI ^ 4-Lo lULlo-VI l_u*j (^ JJI ^j^ljJjJI jlaJJIj 

jJa j_y\j 2JI SJlcLs r«^»- -iLj-ijI-j 4J^ tj laall I J; I . ."tVI (jl JlS£ jj* (_xj^Hi! 

4jl>-Ij^ ' . •» LaJI jj^ •» j 1 aJ JLjJ_i£.j iCjLlo Sjx. d_L>-LlJVI JlcIjJLII JJlC ^-Lu 
LijljS\j jl I J 1 a a I '" j»J^- (j-o Ji^Qil SjjJL>- 3ji£.L9 [liuus] I »iK JlcIj^JI tfjbfc 

cjLjJI «GjJl^JI cj Laj Lt 1, 1 ;«-*>• «i 1 1\ >i -^ . >i" Iji^Jj .S^jjvj^ ,_jjj>.i 3ji^.L2J 

jy_ol_Jj_jJI (_jJI ' .'J' '^"11 (JL>-jl i_^Jj>o (_5i^- /^-alj-JI -1 1 ' a a SJlcLjiJ, 4jj^ 

SjjJjJI 4-l.c-l.lII /j-oljjJI CjLlIVI ojui J Mitj (j luC «_iljJI (_L%<aJj| jjiul) 

.S-ls-LLi^I Ji£.lji!l (^ CjL^jI mi'II ' a "£ (JjLjjj 

?«4*1» («i lt*UI J-Ud Ml j«ill 1 hit nl 

Forward or backward chaining? 

JjLxj (^J' ** 3 Jj la 1 1 LS-lLj (y-riTu nVI 3_JT jt) j . ..At I ^r!-*- 1 D' * j'^" 1 ' "' 
(35Li>JI (_,JI VjI ) laj I jLa . I J 1 1 j Jj (_ylll (JjLajtil 3jje-lLl? 1 Ji£.ljiJI Jlj^Jj L^j 
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(j-a (j^j^l <_uL>JI jiso (JjjLiLsJI dJJj CdK li! La jjJLJ «GjLl1I CjuLlJIj 
J .'J '"^^ ij^ '-*] "' •C3- a '- ' J i ill i n"n (J-«-*J «IJI (_J^2j i(3^JjJ,I) SjLcLaJI 

*j-^-J!) Sjl^LiII <j-a j-^^l i_«JL>JI ^ SlIajLX ^jjt L& i_al juk^l ^yJI Vjf 
(JjJLi n—aljuial ojui L^j (_yl!l ji£.ljjill .una J^-y o' iJj'^'^ t -* ' (l^*'-^" I 

^L^-I^l i £j_u±kja 3JL>- ' La j i a 1 1 J j J J i" 1 I I JUfc (J.}L*JJ /, dlj. J i nl i aJ (J-<J-»-J 4JI 
(j-o (jj? Jljj (tt4J2 i^^-aLo^l J i nl i n" It jJiLUI (_yl^. 2 (JjL-uI (j-o Q^U-tJ (jJ JJl 
(j-a (Jj^Jljj /&-$_> 2 (jr jj_L>JI J ml 1 n"ll jJaLiil (JjL-u2 (_ 7 i^-l (j-°J iCjLiLlJI 

.3_£U1I i_aljukVl 

(JJLjLLj Lx-j-3 ^£jJ>-z\ (_,i^. «La-^lj Sj-J-o (3j-^' 0J^* (j-a i_£l j J laj joJj 
CjuLlJI <_*-Oj3 ( _ t 3 J <>-aT /oSL^ILi ( _ t aLo2| J 1 nl 1 n"itl jLL«jj . 3_aL«J1 S»l aSjLl 
j ...All i_jj_2j «G| ,^3 /, aljJI J 1 ill 1 .Till jLIaj L«_Lu . diLajJill JjJLso jJs u^>l\ 
ojujijj j 1 a Sj (jl ,*_•""' 1 aJ 4J2 1 L4-JI (Jj-ca^JI ( _ T 3 l-lCjj: (_yjJI <— si Juk^ll (j-° 
^jJltl ' •» iaJI (j-o 4JL9 1 JL>- mJI ^Ir j .i_al Ju&^/I oJl^j 2 5 U" 1, 1 JlcIjJLII ^Ir 

. Ji£.!jJl!I eJJt 4_j£ j • La3 (_g JJI i_xjj^1!u 
JLcl tt-SJI 3_Cj_<j^=_a ^^3 j , „^1 1 jjjj La I^JJ^ i^^.aLa'i/l J 1 nl 1 n"ll (_y3j 
(j_o jJiSi Qi^-' L^JlJ-C Ljj I 1 a J 4-^-Ijjj ' j • '*' <— 2jj-u (_yi!l 3Jl£.LoJI J^=-jJ 
3_UlLIL!I a . _u_i Lo_l3 aJUfei— Jjl iV<tl (_aalj^ I iu.aJi.mJ . Jjj-iLC'JJ «L*-<Ijj_a 3_UlL£i 
i3_JLi 3jJ-i (_y3 gj-ulaal] 4JL1L9 x • 1 aj Ju3 < La 3jJ-i (_y2 LflJajj laj (3^-a-J "^ (j^II 

.a^j^IaJI ojl&i (4) SNARK j (3) OPS olj^ui^ J^uuj 

AJ_2jJ i^J^JI Tcuolj l_3Jui L«jl J J I tuLoiJ [jjS-J ^ aljJI J I nl I n"ltl (_y3j 
j_^C. «LJI JUaJ LoJiJl£.j .<_3Jl$]I I Jl^J j>^j2j (jl (^Slx-l fj^l JlcIj^JI 3jjiIjJlJ 
aj^j iliJI JlJI «G-3j_»_a JjJL>- (j^ jLX.IjiII ^Jl^-I 4-ojJLo jojj^j (_yl^. J-iL9 
^^Jl (J-La-j (_,-J-»- 4_ij^iaJI iJJL^J j 0" 1 n_)j t JJ Jl>- i_3Jl^ jojjjjJI IjUfc xuus^i 
jnti 3^L^I 4jJlSLol «_o S^j^JaJI I j^j ( -^EMYCIN J-OJUJ SS^j^^j^ v^jLiLu 
i_Ls^_tu (^i>o ^j?e_4-i ' la 1 ■■ '" Li*_pe_j JlcI^^jI ^yzJt-i jJjj j3 ^^A-*- 1 -*Lj-«Lai J^jIj^j 

7T <1 I njlj . aLo^U SJl^vIj aj U -^ ( ^j_o jJLi^l I J ZK J I J I Jl^J V (j-SUj l4_LJJLA 

CjLILu ^jLk.-LLu.U Ji^aj o' ^LJJ <. <I U ' .j •■(jrt-'L^.GaJI £>u (6) PROSPECTOR 

da I 1 Tri nVu L^jJJ (Jj^sjUJI "-j-^cJ (_j^-tl i— al Juk^l i_xjjj3 ^1 L^-Lo (Jj^sjjjj "^J' 
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tjclVhmUl clSSJI 

jl l-t~=-J LJjuk (_gl Jt i ii J i3_lJj_I.I i_aljLjiVl 4_<j-jL3 (_>a>C: JUUJ i^La^l 

«*$AI jt^t §f "'""'•M* y (St 

"Closed" engine or guided dialog 
i session jjUtlll 3jjj SjIjj^ <jliLjLlJ! SsIjJL LajJjj JS^I ;*-alj_JI j»>23 

(j_o 5 'I *"< i "VI OJ^ ijy-jLJJj! /yLaju joj i I g^jlg d ■ " ' » I CjLJLajlII i_£.ij3j 
.3iiUU 3JVI <a j q . i.T La jjfc iJLAj ♦(,!,! ill's! I Lg-ajJb ^ylil JLjlcLfljJI c-jLuLCa^l 
4_c.Lj_»^5 AjJsr't i n"t (jylll Sj-ijiJI 4 o t>« i*Vl *_ut»- y-l'Wii ii J.'""" "^ I ct^J 
(jj£j ci^p- iS-J-tjJjIaJI CjLilll •« j'a ^Ir SjjJill (_)-aJtJ ^1 3_l»-L~JVI JlcIjJLII 
I Jui /yi ZjJao. (Jjl (jl dJL-u 2j . 2 Ijj i uj Lgj-a JlJi-" i ii a «_o jjLxjJI (_ 7 1^. 3j-iL9 
f-^J-J *_a 1 4 j < j j \n 4-ilj jl^>- *l-ii (_t^- 3jJ-2Ju 7t-aUjjJI JJJ_^J (_yJk oLsoVI 

.cjLiLvVI tfJL^I oi*-a JJjtOj aL^JI (^JJ rLb=j V iiDjJ <ri^mi Jlj-cJI 

1 IS (jlj I H II (Jl S"l ( nU ) I " ■"> U 7-1 I nlu jjL^jjl * i^\ ( nl ^ I n~»«J (jS_a_lJ 

. «Qju 4->ul3 >l gIL>-L-l it^vl^j (j| (j_o V JlJ i^iii cl)LayL*_a ^1 r-QjeJ «G| Jl>-J 
£L>-jJaj (_g JJI (JIJjjJI jLQ^.1 <l>-jjJ i Lpi Jjlj (jl (jS^j-i jl^>- I J-A (j^ JV'-yj 

Llui (jl «4^ljjl»j i«ujJ SjiljUil oLo^mi (_yi «4j1j» ( _j\c ^Ll!j ti_oLJj_l!I 

(j a a I j La 

strategies for connect resolution MjUtfJI J* lilL&aaitjMif 

(j_« jJlc tjj^-i LaJlJ^. j ...At! ijjji ( n ^j| ((» ijl <>."ii (Jjv» ->-M u , ^ 1 > j ,"i ^ 

L^-S-LJa-i jjL^ I jl La jj a-i (jl jijj_t£. 4_ilr (JUjjj , j_._.U"lt 31jL9 Ji£.ljjjJI 
( _ > iaju >U^a j j U j ~>~\ jjjU~.lt (Jjl£ jj* La <_p j _■ taJ (jl£ I jl ji i(jl«ja i—ijj^jj 

.^IjLoiVI 

fj \ » 3 . SjLjJ^C Cjljj" i ii a (_yl^. I j . .. ^» J^.ljill i_xjj^3 4K i"i a q^sjJu^ 
«U j .• la "' lS 1 -*-" S-^H>^' ^i^ 1 ^ B-^^J^ d^- 4 - 1 Top Level (_, \r*$\ (_fjIxJi,l 

i7c_L»-^lII CjLvjJ a Jiir" i n"t (_yjJI T^aljjJI (_^ «L*jLvo]I |^ jLlXI (j-aj i Ji£.lji!l 
(j^_a-i L*i .rt-jLUJI jl CjLajLflJkl SjJLl I 2 j t- LJjLij LuJ^j J^.\^2l\ i_*jj^3 



J6 



fcj^Luyi ^cl^oJI 



us j-±£- iil!i tj^Llj l ??- H>^" L^JL>--i| 9- Lul ' yj^ jLc!_jiII i_xjj^3 I Jail 



tLaJa >)" I "=1-4-13 3j_Lo (_j-Aj ij-iiiL! /j_ou^aJI 4_iLL3 (j-° ' ** * ' '"_' ^^ ' ^J T i ' " 
^^3 dllj (J-«-»J 3 3^"^J i_il_u-ul /T_oUj_JI [O-a-uaJ (JjSLj JL3 idllj *-«J ^JJJ '^*^ 
(_, I r 4-jjjJa (_, I r 2 j 2 j ml ?j_aLJj_ill 3*Li^ jii-G V LoJLi^. 3-^Li. CjVLv 

ijy (>S-*j '-'j**" ' L^JL-i-a LajLji J la-j j-jJijil 3_lLiL1I! Ioj^ ijSJj jj^-.tl 

(_^a (j-L-JaJLL! 3J_il_2JI j^ljJjJI jLlo-I jl£ I jj V! Li-ls *!>a-VI Ijla ojSLj 
i«l_pj l£^L-u» d_i3=_ul^l<-uVI ajjt (Jilo jLil^.1 (^SLxjj ijLq^VI yi 4jn ital 

3-JVjGj.uI 3-lUx. ^Ir MgjJaJu jlj aJI jijejj tL-uL-ul^lr (_gjJI jLudl jLjii-l (j'i/ 
JLxl (jf jLjcV! ^yfl <jjjo.l-v2jVL^VI JSL! ^yA^Vl distill (j-o Ij-LOJiJ^^I 
i3jj)^_iiD LlaaojI (j^S-i LajL^ LlajlxjI «L>JL«_a (_y^ SjJulJI j_A *ISJJ1 ^dLu: 
i(jl_S_«2l jJlJLi £l j mi^I ' la i ■■ U (jl i c^e_)» V^ '"'" (j-W mm 11 (J^9 S->»^"< i u <lj 

.((^j^U! (j-o ji£i (jjljJ (3^Jj 

j-j-C Li^je—cJI Cjl_L--y_Ljlj"i ml j-laLiJ, l_«-jlj £* U^j"^i (JjSj (jl I mI^J 
(j-u <_)jl_LiajJI j^Lb ttxx^ < '/• I 00 3 JiJ^ ill Laj U 1, 1 (j^Sj V Lajti^. lJ^;^"'"M 
^Ca L-i-L-3 liLa I La aJI cljULJI ^yk: i_3jjl1II JjjeituJj icljLjLJI jlj^s 

4JL<Ct>-i 4_^-jJ (jl J^^J, " j'^'" J 12 ^j ^* J ge mJ» (JILa t lj_uL>J1 (j_a L^^>- 

Qj~Jb (_^_5 t )L_JI ?tj -^ * (jj*_i^ iCjuLj_JI jt_uuv jL»IL>.1 (jjja t L-4-*-« 1 Jl>- (3-3^ 

(_^ajjtjilll I JJt (JLxIl>-l 'L^-jJ (_3^- ^Pj^ l5/*"' l — J '^'^h 1 (Jj J *°J J-^ 1 ^ 3JL>J! 
/_il 3 K mi II ojui (jfl j taJu i_3jjjJ . Jl^JI I JJt jjjj La ^1 d to j ■ J 1 (_gjj3j 

CjLJLljJI j j , ,. ^i" I (j ,°:, <- «_j| i ii II J i/'All) LITHO ^_oLJjj (j^. l_LiLjjL>- 
.3jiljjJ,l Cj Lo^m I ( _ T 3 4AaI£ «L2j (JjSLi (jl » .jJqj • ■■ I V LoJlJI^. i 4_l>- jJjjjsJ I 
/—aJI JLc Ij-aU S-jjJj'i/l e. I La-cl i Ji£.ljji!l i_xjj^1! M,_>i- ^?l J-ijLjtil (j- ,? 
I J x^ ja^vjJlj (_ T J-)I CjVLsJI (_ T -3j S Laj j r (j_o j-5-^l L^-al JlJt" i ul jj-SLj 
tiili (JjSLj ^Sji^lJS JSLI j iii it! a|jLn-"niVI jl_>^3 7c-c^j3 (jjJI u^Lul i^i-vVI 

A>> ■*■' I ll_l J<sJ L^J'il (((_, I Mil)) (jl (jSjJJ (_yJ-!! JLcljill (_yJI 4-UJIlII (_y3 4^1^ Ii 
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tjclVhmUl *lSiJI 

".CjJljso La Ij-iLj I J";'^" ^^-CjCLcuJ (_yjJI lJlsIjJ,! (j2 i ^ jjsr~ i n"t La IjjLi 
(j-J-ll 3_i^L>JI i2jVL»JI Jjjjj Lg-iV idJUi /«_c,j !_£-> JoLlo-V! C-l»J O^LIj 

L^JEjLu (j'i/ iSJljLoJI 3-3-1 JlC L^j^ j\ I j'"* JJ.'*"'^ S^i 'LJ'i/ I Jal A JlJ-"| I n"t V 

d " Jj (Jj^iiHlj (jjj^jJI ^_)^j-» aoJl 1 JliSiSLluj . LS^LL-j! a JLa-" 1 n't V ^ULa 

t JlC.1_o.2JI (j-a^liJ! pJ-iJI I AA <LJVj"ii nVl CjLlUjlILi Jx.I^l1I I jj'a . U /w~ ^"11 

./T_aUj_JI (j-a L^3JL>- JlJjii^. <jS-«-! (_j^-I'j 

Does or does not allow quantified variables? 

i_)l 1 n -vj I j| ,>.^tl i_j| 1 n-v jj^j 3_aL* 4J3jj2J ( _ 7 \£l *_<-uLl1! (Jj^aAJI (_£jIL>-l 
4_al JlJ-"i 1 nl (j- (Jo a *>U i—il 1 n-»Jl JjuM cLj^LUoVI SjJLtl ^^jLjj .(Jjxj>J,I 
(j^-aj KijLola «U jjLL-j (_p» SJjLill «LuiaiII (jLa dJJjJ : Sjj mJU Cj I j-uLLal! 
1— 41 1 11 nr \ (j 11 j 1j i^^Jjil 4-^.jjJI j U '< t Jjji^J.1 i_)l 1 n->. 4-ilj I J '"* j_iajllll 

1 1 a4 2j (_jjJ! SjjiSDI cjVL>JI (^^ Li^Ls bl JaJjJI i_ il i n-»- (JjSj (jl (jSLa-ij 
(^ JLsJI j-4 I JlAj 1 Ljj-ol^i- (_yJlj Sjij i-i I a entity <LJj_Li£ ^1 I j/« jfcMI 
j^^iijjJJ (_^-A 5 J >AIJL I 4_^a-Lj£Jl (JJJ^J ^-^-^ 'r^^rr ' OtH-~ ' d qJaJitl (j_a j-jl& 
I Jufc f-aj • (o^^I^tH?- ?V a H> J Lr^) J- 1 ^ J' (__, jVlll (jr^ij-V i""i'l Ti^aljJ (_3-3j ^LlLa 

*J^>-\ (JL\aj .4 nh-ie-a j^LaX.! ( _ T 1^. (j^ 3 '-'- 5jl£, (^Jj 4-a-U-o^J > mijII 3JL>- ( _ t 3 

(jL? I oK (_£ JJIj RI Ohm =V (a jl) oj-JLs «i_aj_«j)) L^aLijj ^1 (^lap^iia 

tc—ud^jj .cflJLjjl j— 1 L t - T t- t l 4_a_j_3 t 1 1 n'ie-1 ^jl jj-^-i (j^-i3i (j-JjJJtj-a 4_a^ «UjJ 

(j^j SjjJI (3j-^ uLii2JI i— il 1 n->-j (Jjji^JU <— iLvu^JI (_u5-a-i (j^-j 4_JLl!l 3JjL2i,l 

jJj^j>J,1 i— il 1 n~>- Lj L ,'-1 s 1 1 c_il 1 n-»- 

I4JJ1A 3JjL»j3 jjvjj 5-a^Lw Ri3js^L(j5 V c^JL? I jl 01 -Sj^la 
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pj i ( _ > ^=ji2_ayL*_a I = V/R < _i i n-»-l (jil 

(jLLojl»-a S-ojJjla L3_ojl*-aV cuK I jl : 2-Sjx.Ls 

PJ <(_)^>J '(» R = V/I I, IIM-wl (jjl 

cIjVjUII 3_ajl»_a I CLu\£ Ijj : 3-SJlC:L3 

V = RI S^^Lla j-^ V j 3-ojIjla Rj 

P = VI...etc V = RI t_^u^l (j^! 

LcJ j_3jJLj (<s-J i La ( _ > l3ljJL3l (_ 3 -i- : iJ (_j_JI '"" t\-*.\l 1 I ( j_a 4^.jj±sej> Lul3 Jj La 
jl i^ljJ-sVI ! JLjfc (^ I -" aj JjIJj (jJJ La! lillj (^.sj^ ">i^i LliLtaa.^ a 
(JL>-jLi d—LjvLLiVI JLcljjjJI CjLcljj-3 tt o i n"tj .tcJLi^s j-±C- «ULi Li! ojL^Jal 

jl) «GJ3jJ,l jrjLlill ( _ T a «_l^jj (jl (jSLxj (_^I! 4-2iJI (_jj^o tcjIojjJ iJJjiJI S^SLa 

LLA CliIvj jJLl '.(jl 1 n-a-"ii nVI (_L3iLll I J-A (_5^Lc (j 1 ^"J La SjLcj . (<llaj^ miU 
(j2 ill! jij ijUA ^yjl i^aa.] (_yl«-a (j-o L^J Li Ijiij «(JL«i»-l » 4-<d& aI Jca-'n ul 
(_y^ j-j_lJ»JI Zj-iJ>- 3jLc (_p-«j (j^-Jj ' iJ^-jJ^jJi SjLc (JjSj V (jl 1 n-a-li nVl 
«LuL^r»-l CjLojLla j^Ijj aJi£. («i-j 3jJLJCjIJl>-2 N flJ (j la •_' JiS i_gjJ!j «UL^a 

. I j'"* «UjJ 



(***<*£) fa.-; JU» 

SjJLc CjLJl^-p. 1 a-uaj (_ T U! JlcIjJLII Jx.l^J3 l?^ 1 ^ - ! cj-'LlII JLiU aJlJ-'i i uj 
(_jj| /j_oLjj_jJI i_3Jl^jj i4_L<_*-a ^j^ " . ^.^-t I Sia Cjul^-pJI (j-o LaLu^sl jl 
uJlxjuj .(J\jla 1 a Laj I fciie j .' '.' ct-^' Cjul^-pJI jl (jl_j-pJI (_ 7 ^Lc <— SjjilII 
CjLuLSLoI (j-tjj jjZl iA\ja[£ julLj 2 uaSU 5-aJiJ-"i 1 nil Ji£.ljji!l 3ji£.La (j^Sj (jl 

LuLalj u-ujJ /j^oLJj-JI (jLa ic^Ja^J! qjjJu (_,-3j itj-oIj-JI ojui JiLo (_y3 (j^ i in-'tl 
jl iLal_«j SjlSj^ jl^I^JI (_y3 1". 1 njl L^jJI Jj^sjjj (_ylll 7tjLli!L9 iLa Jl>- (jJI 
(JiLsj (jl (J-SL4J (_gJJI J ij"i II jLil£.VI (_y3 jii-G (Jj-k <-^Lui (jjSLj (jl i_ x^=j 

^qjJl^j t ■* L*aJI (j_« cLiLb idaj>Jl »j i nlj d d u -- \ I CjuLj_J1 (jl i n'r" < ul 4_^-jJ 
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La L«j^jj/ 14JV i<jAiajua CjLvl'ii" 1 ul aJlJ-" i n"t (_yltl ^9j) mtlj «LjjlsI^JI 4J!LaVI 
.TtjLlilLi 2 U ,"j ^ 3jjj£ JlcIjJs ^jJI p^vjJI c-J La"3 

(jjLisJIj . . . .. *t I <_2j_*3 4_loJjI^>-j 1 JlcIjJLII (j-° SJlClS (JL\U JJLxjj 
SjLv VI i<~ I «^vljj (jl (jl^j-pJI r«ltJ aLjIaI «U (_g jJI i^jLaJI » LtaJuj . 3_JjVI 

.^jjIsjII I JlA (^a (_£>*■' 
^aii ^3 j^i-i-o j-cbj I Jl : l-J 

SjUlILj (j^ij^j j j'a (_£Jj 9! *lj-3 «U (jL? lil : 3-jJ 

(Jj^Lij ^4^ i3jL«JLi (j"n«J Vj j jlaj Vj iIjjLLj (jLs I jl :4-^ 

i_4j ^3 1 I Jl>- (Ji^J i4jLiiu (j7m<_i (jlS I jl : 5-Jj 

cj^v ^42 n_gjijj 1 1 jl»- ^IjJjj (jL? I jl . 6-jJ 

j 1 11 nil 
SL&LLiiA) S^^Lca I j^a CjLaJiill (jjS3 Ly^' J^'J^I )» ,)<>*>• (_ji£- <— 2jJ>3 - I 

■ (c^/CVitl 
3_u^sL>. jj£j SjlcLs ,j,\ (_L*L>o iSjlcLs <j-a^i£t (jlz. (I) i-.^jUM I jj -2 

^J I jj to I ml in* /t3j Jal 3_L^-L-a SjlcLUI 2 1 — lj j i^tjIUl I JjjjJI jf -3 

. cJiJSoj . 3ji£.L~JI jJl^s JLa Ji^o 

a_J/vi jsls^ji 

djj^iij cj^>- i_ >S) .«i_1SL<jj) i_aljukl 

: I jlj"-" tjS*A-i «Uja_ul^ljj/l da 1 uj| ( _ T ji j 1 ..A^lt *l U.I I Ajj^-uI^Ij-uVI (jl 
3Lclj_a «_o) LjJLlLl-J 3ji£.L3 jLiieJj ij\j o"u nu Ji£.IjjlII SjLcLS (_y3j «" 1 nj ^4^ 
I JLijj i(l j"-> "-* ^1 (Jj-ojjJI (jj m «Ljl-uj (_,i^- SJlcLoJI dJJj ^>3j3 VI JojjIi 

. S.LajjIjjiJI .-.IjU^t iterations Cjljl^l!! (j-a .3Ji£. ^yl^. 3_lU jl 1| ^jU"j 
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^1 «(_£Ju» i ^ i aj (_5-*J ' (3jj talil 5JjL2JI SjLjp-^JI (_A I -SjlcLa : I -jI^Sj 

' 9c • • aj a (j}5LiL>JI SJlClJS 
(^Jj iljL>- (JJ-23 '» Jo \- \1 * loJ-Jj >l ^^ 

j>SLj L^j^ jjjIxjj l-Sj^La ..j^.U-.lt SliLa 6 j 3 j I Jl^I^s :2-jI^3 

.J i nl i ."ill (^ jJLca'i/l (S^-JI Cjli L^j^ 3-SJlC.LS jLlJeJ 1(J-l3 (j-a S^Jjjla 2 iiir~> 

: I Jufc /. La «ja 
(«L» UuL) j"m* t i^Jj iljL>- (Jj-^3 '» .Uj-jl « ,^.u^j tl ^^ 
3 j I (jLjjl^LSJI jjjituj .(JjiLoiJ SJjLs 6 j 5 j 3 j I Jl^IjJs : 3-jl^3 

: ljui /j La «ja ijjjjJaall 53JlcLs juJejj 
(<— |J i3jL«Ju (jSuaJ l^^Jj 1 1 Jl>- JjJsj iJt^j-jLLi-aj-jjjjLiv 

. (cl)^>- it ).} i4_jLiJLj ^"m* 1 t^JtJ ilJL>- (Jj-^J tx-xlsj-jijta-o) = Jj ^^ 

i_al_u3j2l I ^ j -»-tl c (j j La " ;j« a I" se a (j^s\^>- LbjJ (j! Ij^3 ■ U^\l ij 
jtxbl^JI (j-oj 'Ll3l£ LtalaXa I^^laj j-2jJ ^? JlcIjJLII SJlcLJS q*$ dlljj ^j^! 

ijJLufc (jjSj (jl "-j-^aJ lill JJj iSjULIu jj"'J*"j I JL>- 41-l2j ii_!jJI i_2^LjeJ ^js>-\ 
i3_*ia_aLiJI <L*-ujJI £>£. 5Jjj i nil ,_a> Lui 6-3j^cLJ3j . I g-ilc i_2jjiiL! JlcIjJS 
4_oJlJLo ^^.3 SJlJJl^v 3.}l_o S-SLiiol j_A ij ( _ > Io j_«_«J I 3Jlj2 «L>-LijeJ La (_pj 

<_a}Lii.VI jLa i£_oLJj_JI J_<JLi3 LJjucf «fi ij-ujiI! I jla Ly>^l Ijjj 

(I^J L&LJ^ii cr-^^ t— iLuji^U) LoLxj gLa-Lrci-a <" i i njl 3-Sj^C.LSj .«i_!.3» jjk 

liJ^Lj, Jjjjij (2>SL4j 4JI jji (Jliil I jut (j-° ^ " * *" * o' s^?^ l5jJI o-^j^'j 

editors tc_lSJ1II J^aljJ ^IJlJ-"iiiiIj i4j 3_lLlI.I S^jjiII (jJJ^'j) JjJlJiILi ^aLjjjJI 

cjLijijijj^. qu^c-lIi «l>.L>JI (jjj i«l^oj_lL! cjLuiiaJ! cjL«i!l *-£&>■ r^ Sji^vjil 

. LJLc. 4ji laiSjJI /^.oljjJI ( _ T 3 I J ' J a. IjJ La jj*J i/j_ou^jJI jjL*^-' l£ ^tfiic-a 
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tjclVhmUl *lSiJI 



Use of plausibility measures in uncertain reasoning 

j La i d j ».j j ii 'C i "i (_3-J-II iCjLvI" i" i »V1 l*U jij i3ji£^o _>i^- UJ^ ' -a ">.}Lc 
oJlj* JL>-2 jj-la Sj^c CjjjJa JiJSj . i'l mi II 4_cisj_c iJ>S-J * j0 LJL^ J-^*^' 

Llila-1'riiiiVLi 2U,"j ^ ^^ujjLLo 2t Ij. jl ."/-VI ^ uncertainties CjV^jsJJ 

(J-ljj L$_>l ( _ 3 _3 4 ph-^J.1 J}j_LaJI oAjfc ^jl i ujjj iCjVj^j>JU oJl^J 4 i i aseu i nU 

<j-a Sljl jjfcj EMYCIN £-aLJj-i (jS S-aj^-,,,,!,! 2_2j^JaJ| Lla , ^,^;,„j 
<_j.a-iie-.iiLl MYCIN 7^-aLJj-> ^ Ajiitlj-Jj j^iJ! 2 alajVl T^-olj-i sL-bi^jljjf 
2 a Lj -^11 jj La II <j-C SJl-ljsJI SJjLSJJ CjL-uljjJI (j-o j_u£LI! iiJLL& i^r^IaJI 

dJbjj (jUl^jj (_>"J>i3 sedward Shortliffe, < ^"jj-i "■ ->jlj->! i^iL^lj-i Lg-La 
Henry Prade Jj>j (^j-uij Bruce Buchaman and Dick Duda \^± 

CjuLljJI ^jl ( _ t Jjlaj 2_aLlI| <l2ill ( __ r i*3) I ij-u 4^vjjJI ojui 7-jl^pJJ CjuLljJI (j-o 
^■ijLaJI Ji-SJj i(Jlj^L1ILi 2_ij^ <2julj-l1! (jl (jyJJtJj) I -J (Jl-l£Li1Li ZsiLlg 

<j-o jj^J iCjLjLJI «Gjju li! i^JJI j^JI . 2 S^jS oit^jj .*Llll j^qJI aJuc 

iOlJLljJ! 4_lC cjjj li! (_£ JJI Jj-JI , 2 JLitjjj i2_3.jLl<3 L&jLOjzI JjJL»il 

t- 4 _^_I LnJ 1 (JSjiJu I (jLu ji 4_uii3 4_l1L<cl>-I (2>c j-^jj • 3-jiLS ufcjLCLcl t^A-^ 

(^SUj >La i^lla 0,3? (T) r JLci^-VI 3^.j^ c^Jl^j iLikelihood value S-Lu^ 
, 3 (j- J-^l SjLcLil! oJui ^^3 <_) (JL<iIL>-l 'La.jJ (jjSLj (ji 

0,7 = (j-) £t0,6 = (i-j) ^ i0.4-(l) ^ ^O.S-fj) ^ 2_L3|jL^a_a 2u>.jJLi 
((j i" -** I (Jj-a^Ju <uajl^ll,l r - 1 1— ! i i) SjLcLaJI 2_ajJLo «U^I Jlj-^ia £ L>-j^ OJ^- 1 

0,4-((£> r- ,(ul) c ,(1) r-)) J5?= (2^J^) 7- 



fl2 



0,32 = 0.4 x 0,8 = (j) £ 

4_jJji ^ j 91 J L<a a cL_n_j_3 fiU «.}» (jL-J-J (jl (jZoytAlj . Cj Laj U 1, 1 _}1^_« pj^s 

-.^,3^1 i_<-uo- S^oLJI 4jSlju-aII 

i^L (2) tJ (I) tD K lij (2) t .(l) r (2) c + (I) CT :Vjl 
c^LJL (2) LJ (I) c (jK lij (2) c .(f) c + (2) c + (I) rc : LulS 

cjljLil L*J (2) ^ j (1) £ o^ lij = £-^ 

2^+ l c 



(I2. C I. C I)^VH 



3-tal_*J, bljLLal 5Jal in m I 1 j'«j< (Lulii)j (Vjl) ^Lij^LaJI (JJulD Vj 

L^Jl jji (lillii) 3jlc:L2JI j>j-oj .3jJLlJI rfuJULi t-U mlt 3-j£>U ^VL^o-VI 

i ajy^kaJI i>Jui /ji .}LL»J,I £yt (jLS JlSj .4_JLluJIj <ij^-ji! [O-i^Jl (j^j,3j-^II JLJ_J-* 

S-LoUJI 4£,_^>J,! l.-iSlf JU3j .(2) £+ (I) 9- - T-JgJuuuJl *-A^l\ *\jjelju,\ 

(E ^ jl jLSI^XJ cjL^I SLu^i. jj^! ,jjJ <jl£ I '4 ^ EMYCIN £-*Lij_u 

j j j tagj <0,99 - = (E) y- (j>S\3 5-i-al J uaA,\ 3-«_iJa jl jJJj L$i«j) i9 .0=) 
I ^^•j'" i0,9 - = (E) r- (jl jL^k:>U JlvIj '..i.iiiiJ i(Cjlj_a *_>jl J I) Sj^-Ls 

jll^JI ^ (jJLlI jl JLp».>II cJLJI i, ..j i ntl j? (.yitAJ iO , 09 .UjMijIl j-<^>JI 

: LoLxj 4 lil'-Tca «Lx-uj SjiJJoJI 3J.}L*Ji,l (- La »"j n_Jj^»2l i—iLu-u^l J"-;"-*^- 

0,90 = (0,90 -l)/(0,90 -099) =£ 

. I jjJl»- (_yi 5-JI i nllj 3j^.jJ,I (Ojill ju t2>^l "*^-y liSubj 

:,-Juj| Lufc ' La a» ." J (jl i_^cjj 
»— i La- 1 "i "i" i ii^L! (. ta »" (_yll! <LjJ3 1 JLitaJU jl (jl i iit'ii hVI j? J ?"i 1 1 3-<ijS jl-l 
3 .ul Laa.j CjIjj-la liJLui (JjSLj JuSj 1 JL>J,I j^i- I fejiaJ-i SjJJlC 4-4jS ^_A 
L^J (j-ujj j j_l^>J I SjIj^J ">jji- jj£, 5^-uS CjVLv (_y3 jjju I J IS Ij i pj^ll uJL^J 

(_ 3 _Uj_ij (J_LJ_4-l (_ T jfc Qui I n'S-" I n 2i 1 faJ^ 3t_L4J?tjJ 4_iL>Liaijl CUjljtXl (jl-l ) 



143 



tjclVhmUl *lSiJI 

V-jl^Ja jUejV 3^vL>JI 2^-vlj^ ju^.-^Aja QjLAh (jjjLjI (-lII-La q^SLj jlsj 

jlj-aJl ^jjjLJtjj ?q3 tajja^aj ^_A m£ jJI jl^JLJI ■»■ II L<aJ jl JLua LLaLaj ^j j * i ^* ) 
JjLaJ i^jdl _ SUM! j_iSLaU! (j^i p^iil tiili 4J| -j^Vl 3_<i5LSJI ^yk. dLb 
j_ljL*J,I (j_o (J-SU ' a I " ae a J 5-J g I La-c| 3_lJI£LoI iaLval x_a i Lufc 43l£be-a 

. «l»- jjJaJ, I 
<3J aJlC LasjLCk:! ^ JLs/Lj SJSwill oj-fls 3^JL*1 (Jji-I S-Sj^-U liJLufcj 
^yll! Fuzzy set «3 ,>.«Utl 3^. >*^J. I » 5^£La 2 3jj-la.ll a jut a JlJ-" i m~j iCjLjLlJI 
i'I I") ^^ 3_iia_oL«JI S^jjusma lAjjiV! Jjj L»$j . Zadeh «j|j L^a-jia 

La (jLjSLI I J_; a j_uJuJI (J3^J (_7^-!'j i3-9tA2alj JjJl>- l^J (j-ojj ( _ t jJI icj-<jJ>JU 

£l I ill 11 «LC^_<iJ*-« (_p-« i^J?EJjj3 ^N ill 1 ^ * J i >» * 1 1 3j£ ^j| ^jj .>.«tl 4jL>- ^j-* 

JJLaj (_gjJ!j . i_)l j Mill «Lj_caLi. jl 3j_<JLi,a-ll CjIjIj i ntl icj^isc-o ji Cj^Ll«j>JI 
Function 2 a j laj /y-A <LUa_oLc <Lcj_<^*_a ^1 ^^yjiu jl Jiji 2jj'^^ ^-J- 5 

d fl-jloajl iJr Jb da j d "'JJ '^"" < ^-*"J-^ (J-^W^ ^L>*' ^j^^r ■ "M ji^ t_p-4-i (j-*Jj l -^-J 

•.Jjjjj ^l (^SLa^ idi! j (j inn*! (jylll 
j flj^a d "'Jj '^^ AjvjJ tjj^ ^Lj-u j_<ulJ1 (jlj o] j a L^Q = (I) a Ja 

j flj^a —(2) t-il ua 

j aojQ —(3) t-iJ Ja 

^ " jj i a c 2^.jJ (jjSij CjIj ii ii J-Jji ^j-aJI j T~ (j^ 1^1 < ' = (4) <-^ ^ 

, 3 =(20) tiJ Ja 
, 7 =(50) oJ Ji 

I=(I00) tiJ Ja 
lj_uS Jiaj-*j (j-i-uJI j-j^ jl <—il j Mill a^SLa (jLa 1 1 < its ^jLill ■ La a. ." _' Loj 
V jLiJk:VI ^ 3W^" ^^ Ui-> ^-*^ slia^lj ifaKllI 3-Lj-aitji ^le. I Jo- 
.(cLxjjLill 4_Lu>JI)) (2>« L>t!-^ J~' t_jLvuJI ^^xjjlS^La i ( _ 7 jiSL>j j_ol «LJI i'l i"i 
( _ T 3j i <_JaJI (_;£ ijr_olj_i 3JlC ( _ t 3 4-<i3-aL«JI 5^.jju>J,I a j J a " (3^^ ^J 
3_jl4ii ^ (6) PROSPECTOR j^-LiJI ^LlaJi J^uij dco> o-^ 1 ^ 1 ^^3t^ 



flfl 



( _ t jJ! «LoL»JI 4 i j SJI j^c La 4^-i^aJ 4_ujla «L«_i3 «L> JL»Hjj (_g JJI ^jJll I ijajj 

t^LILa aJlJI ua-a L^aJ ((/. * J tJo» m£J^-« t-ijLi-A Q^^L) LqJL u iS .t tLiJl jJLjt-a ^^JS 

x_oj t (- » j J La 1 1 mJ JlJLI Ijufc /TjL>- La ( _ > iaJ^J, AjJI . t- « < '.- 4^^ jLp^.1 (j^lx-l 
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«J&**ft OiUft I J 






i«1_ujlj (jl iaa.-|yl£ i_3jjuJIj (jl LaJcll aL*JI a j J a LI 
(JS luj jl itag-JLj {_^i£jjLja ilOJ o"i nl i(JL>- (_gl (_j-Lcj 
CjJu^Llu I jl duLa t3j_LX-o 4_ciajjX. i la j la >■ (j_« alc 

L«Jl_LcJ . 77 i Ml JS^J5E_« 4_)l_) d dJ aj (jL) » U3J J I il^ 

2 L*Lii *_o ijl^-p. 4JI (Jj-2j jl liJLcSou tiJ-Lo <_j^I2j 
VI '(jl LflJ. 4JI (Jj-S3 (jl » jt-~ , ,." jiiSl dJ-La i_j^1Sj 

.Jala a| Jjjjj a& 'Jj L» J^^ptf jU~im~i V tiljl 

' La aa »_.U" , ,,'a 2jl Xtl 4_j£ L^ Lij^ja jt-u-aj Lajj^. 
4JI JjJJJ (jl «■ jtVi i n"t dJLiI ^^Jjlaj-iJJj^-i 4JI JjJJJ jl 
(jl '^* a. 4_il (^1 i js~ I I )1 ua->. (j-ujjj 4_Ll*j (jl '^>^ 

Umberto Eco j£LjIjjj^oI . «4 o mLi <taj-*3 

jj_o 3_Li_u,^ a_JLSL_i_^JI v2jLjLSLII Joiti^l *^j 
L^jjJj (_ 7 l!l jLSLa'iM (j^ jjjjiJI (j^ (JjiuCiJI (JSLjij 

oLiLSLII jwUi, ("mo i ii J-£s a ■ 4 a U SB a 4-lL%j CjL*L>oI 
: ( _ 7 Jj La L$-Lo jSlili SjjJlC 4-aXtse^a -I 1 1 iU 
L&^j schemas, «31aLiJI SjiLaJll e-aLi^jVI)) - 



H7 



tjclVhmUl clSSJI 



.Sj^l JJ! ,j£. caUjf ^ ^Bart Lett t^JjjLi ^mn'tl aJLJI 

ilil i 111 -"j a 2jlor (^^c. (_, Si i u h a litsej (^ ^-"AjJ ^-*^ i«ili!jlJaV!» - 

. (S) UNITS j (4) FRL Jla i^ajj i^LU 5jl£. ^ fU .illLujJWj 3-Lyialall 
^ i <-.! a\l .HI jA,^.j a UJ " ».'*J ,J "' J~*".JLJ "' A JJJ *j...t|n - 

. ((j-allll Jj^aAJI jJaJl) 3-ciflI! I flSljJU (^ ill! JlvVI 

j^jjJ <Lx_aj_JI 3JL! (^a Units «Cj!jl».jJI» j| Prototypes «r JL«_L!I» - 

.jajjkLill I "-j*.^" ^^3 *• 'Rosch (jiju Jit* AJLa-'niil (_JJJ! jlj^vjjjjj 
(8) SMALLTALK Jiu .S^ajJ! oLU <>« j-uS ^ Objects «C-jLiL£J!» - 

. (I2) MERING (l ^FORMES (IO) ORBIT j (9) FLAVORS j (20) LOOPS 
«L>-jJlJ aLc 4JI L^Jjl it— iLuj/i SJjlI lOJect "U . "7" H*"^"* Ajiie"L-ui <_2jj-uJ 
4jf aAj kcjIIsI)) L^Liil jtiiaj-ail jV Luljj i^^i-Vl CjWjJI _^»" 4-j3l£ 
(_gjJ! ( _ 3 _L«J,I (jJC (j-a IjJji JiiS iQ^jSj^-oal (jj!L>-LJI 4-a JlJ-**i i nj La IjjIiS 



ljui f^S L^-al JlJ-"ii ill »-jl Mill SjiiTill <~il ^-IU ,^1 1 j^a I^JlC VjI Ajii ii ii 

^^al^J-JI »l n mi (-Aj lattributes 5>jjJII '"'I fl-t-all (*yj jJlc «U (jLS' J£ . JL>JU 
J-t-LaLA!i llj i j t^a i j , ^ j j j Cj ^ I j I ^Lj_o Sj-jIjJLs njLSLil jjl^o ( _ 7 jJI 

^jSLxjj . 4_t^Xlj t^jlj-uuLj i(j_u_L>Jlj t^-uulj t^j-u 2 1 J i ili" (jLoiJJVLJ 4_u-£iit_(aJ1 
(JjSLuji i3_"uL»"LU FACETS Cilse-ila i "II jj-o JJlC SJ_l«-<J 4iii^ J£L! QjSj (ji 
jjs (_ 7 ^-Ji gL't S -q-ll p^'l jj_a «Lc^_u?E_a 1_AJl>-I Q5S-I (jl (*^-4-> ' 'J ' "L^ I g uaa I 
( _ t jJI «Lj_lI3|^1£VI JjIJlJI (jjSj O' (l^-*- 1 i ' a * ,' J iSj-J-a-tl «LiciiJI LfcJL>-Lj 
(jLlSLI! }LLa (^SLaj^ i3j_L«J,l 4 A^tl «L<i-i3 JjJljo aJi£. JlJLc Jiitjj (jl (jSLflj 
^jjS-i Ji^ ^j-ll «(^j '^**tl «Lc^_taij1 » JlLa 3j_LX-a djLAjLa 4J tj^^-i (jl «3jl_u_u» 

«_lIsj (j-^-*^' ij-°j • ^- c -'-'- a ^ (j^ ^Lj-° 1 20 j 70 (ji_i 7-jljJij d-Lilsl^a^l 4^13 

«L_a ^J^lj (_^L£.I L$>-**' *—■ ) "W^ /*-** Lr^J^ ' " (J - * ^-4-*-** d Ly^ ^* O'tP 

I JlS_Aj 4cLj_«j_4JlJI ^j-a ) ^ i^>l jl ^jSi J^^- 1 ^^^-J-* c^* 1 -*^ ' ' tliJ^ (_^ 
.(_gjLcSL!l (j^ 4 j a j 1 c ^"1 4_lSL!j njl^pJI (j-° d j ■* j T* J^l jjLLaJI Q^SLj 
I^jLsJI L £^i-'i/l SJiLa'i/l 4j (jjLaj .r jj^iJ^ ^Kj^ll (j'r!^" jl ."'<*■! (1>SUjj 
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4_oLc u^\jj>- Jj-»-J ("^J CjLs^iii- VI (_>iutj 3-JjL2i,l fli ' A J j'^'j ' ' j" ' "Ij ' 
3_oL*-l!I (JiLa-r-jij-4-LLJ "A-lS-liLv CiLI mi ul CiLs^Lii-VI eJJt (jjSi JuSj i4$j"ii"io 
(j-C I j j j < * CjLa^Lli-VI o Jlj* (j>^ JlSj i IjjLU L$jj£ (°Aj J J ^"' "^ Cri^ 
■ "'I fl-LtaJI (_, Ir j ■ V.al (_g jJI r-jj^LiJI (^ _>^>^ (*-! ct-^' 3Ji_j^jJ| Jj i^al alll 
(_yi r-ij-o-i-lLj »(_, ''i'H 3ijLiLa j-Aj j-p-^l pJ-iJI I j-ifc aJlJ-"ii ul JuSj . 3_oL*JI 
«_o «L-<jlj (__>iaJ^o 14JL0 (^LtJ (_^-!t tjjjiflj^t ^ULo j *"■"■ a ;^ , Utl ^)^j-» ."."tl 
'"'■ >;t< , ,. tl ^^ . 1 tiJJ j «_a L$J (jj£Lu-u <j^Jj "— 3_Jj-»JLI Ijjjlfl-ijl r-ijju 

.CjljJL) (_>iaJ^J,l Ij-#J 3j-oL>JI 

iS_«_lSj sLj-c^I^j^I «L<i-i3 (J I J i~n ul (jSjuj i3.3JiJe-a CjLojIa-o j^LpJ V LoJiJtC 
(j_o pj-^l Ijtji (jl l*Uo Vj 2 £^V 3_Lvj_a ^^3 Sj-p.'^l Cjj^Ijj I jl 2 j aj S a. 
lLs! mi it! ^yS S.^jtl 4_P w U « j_ui. «ut_i SjLc <-2ijju (^ jJlj-jVjCL-uVI 
( _ > ^aJL>JI ^^Jj^l 4-^.jjJI (j La ' <u 4_t£. j_iajilll (jSLx-i *J /— jLuuVI ^^-L&jJI 
(_,i 3_3jjiJ,l (jx. j-ijjiiL! 3j_uSL!l LjljJ.1 Lbejlojl JlSj . («_uiLUI J la^JI j laJl) 
j_laj«IlI! (JjiiSal (j-o (j^ (l>~i i4jj!jj>. i! /^oljjil I u Mi^LLa ( _ T 3 <Lil*-o Sjjj-o 

cjLLSLJI aI jiiejjjiujjiuii!! 4i^i3 (^SL«jj .jr^lj_i(jSLi ^^a (JLical ^ a » j (j c 

4_ulj^v VI CjLoj1*J,I r-l Lac L iL&^pJ,l-4_Lbiilj «Lulj^vVI) ;j-*"jj LiaJI /TJ-a (j-o 
KRL «Lx_aj_aJl «LJLJ (J i"mj . (jLjSJj «L_l*_« (_^L^>. ^j^* * ?«-« ^jjjj uaJl 
idomestic «4jii.ljJI» CjUIj^vV! ,. , »\ La 1 'II ij'a .(j^jjl (j\c^j (j-a CjUIj^v] 
i*_«_^a -iLajl (JiLo i7-Ljc_u 4_LuLA CjLlLiC ?l^2 (Jj>-<2J (jl "-t^J Lo JJij>o (_ T J-J1 
7c_jjLj» j_a (jLlSLII Q5SLJ LoJLic dl!i (_5-ic. VlLo /j taj ' 1 uj .(^j^sl^iJI (_>^i*J 

Ui£ (JajlLI 1 la ii " (jjJ! «3_ijijL>JI» oUlj^VI ijJLufcj .jju L*^ «j»_jjJI 

'O** t^VI tLS jJI (_^ 3JjJl»j O^SLaJI ojui i'ii im I j-4-uj-a Jajijjli 1".^^^- 1 

2 Jj J ' ia 'I 4^,Lj-LiaJI (J1_J TTJ-il I J_ifc Jl^v^jj . J-J-*J (j-°j <-^-'-a Sji^>.j^ cr&^ 
tyCicijuuzll (j\j fjijJill (Jli Lxjj "-^J^- i«LlIVjJI CjISLi i'iII ^_^ I » aj] «Lulj^vVlj 

(j-a La CjJl^*- (^1 j-La-LlI t jVi~ 1 m" (jl (a^il (j-o 4-il (jj^_ui t_iLo (_J^JJ 
CjJljsJ VLiLo KRL, /_£1 iJ^_jj_ij jIj^>-j_ljj (_j_La_*-i3 4-flJlig-fl jjaj CjL^>.j 
^LalLiiVI ^i_pj ^jal 3JL>JI (_,-ii^ i«lL>.^S jl ^_) — se •"■! 3juj Laj OjLpcl (jSLaj 
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2 lj i aJJ 2 J-^J ^Ir ;»L»jjiVI t_-u^a Lt^ 2_uLJI (_y2 La! <(2yui*il (^j-aUe-Jo'^l (_,lr 

j ■"> i uJl 
4-^-jJ-j LiJ^_a La ?-ia-a_i (jLS I jl La j_j^JJIi] 2-aLc 4-2jjJo ijJLufc jjjljJj 
(j^a-SI LtaidJ (JJ^-J ^-° W^~i d J^ i_2jjL<JI <—*^=j i_£J-ll i_oJ3aJi,l (j-a 2_j3i£ 
^yJI t£-S>J J-3 (Jj^-'iM (j^ajl '^ aJI jLuIi-l (j£Jj , 2 .j I U 1 1 ^lIII 2-aL^JI 
jLie-jl ,j_a J_i V 4_jl J j 2 II Lc-cSLajj . «JsljJlj r-jijjiill (j-u jj£I LliLs^Lli-l 
( _ > Iolj_ci (joSj LaJ_ijL3 : Va-iJLa IJl>- CjLS^Lii-VI oj-ifc jjLtjJ LaJ_t£. (_a3j^ 
sUjLvu djcSl) (j-a (_j-lL»J «LSLIj i Ij-lalaJ^L sCbLcal *_a 4 j Mi»i~a ^LlLa j^jiajjJll 

. SjjtM. <*4>-9 <£jL^I JLtla.1 ^'a jtA',11 jjjj^. i_^ej^ i«loose cough 



' J J ^ I f-i)^ ' O^'j^^W - J^"~" " " ^^ '"' 1-kjLaj (ji JlJ^J 1_LjT (^jla^j^l 

4 I o " -*_a /njii^ ^Lajal JJlj»_i (jl (j£Lajj . (jjJJIj 3^J-^' t^>°J 'O^J^'j 

Jl2^ 2-*jIjJJ 2JuIj>JU -cjJlII Lai i25JLl! 2 j , M ;tL 2 ta 2 jj nj-t-Jj^l (j-G^aUtl! 

J's i"i IL JjU" i ii U i nii-ij 03^ '■"*-* Cj-^-J '<Jjj' _9' j nii-il jl ijjijvI 03^ 

JjU" , ,,1 I (_aj^_*j) 

(((La ^j) JL^SJI) J^kJ!) 

(((La ^j) 2_< 1t l2J|) ^pajjJ!) 

(((La ajali) 2_^!) J^JLI) 

((((Jb)f J^-af j-*»-D CjVUo-VI) 5-a-jUI) (jolj!) 

.4_iai_ujJ1 CjLt_LLa_cuJl ^j^* l! (jiil (^pa^jLJj 

(ji (jSLx-iJ i(jLSJJ Sj-uiil ^ol^iJI (_JJl>-I «L«-ia oJ-A JJl^oj . «L«-l2JI -I 

.array 2 a j * < ^ « jf i2^aju*-a ji i4xii ji 'C^j oj^ 

i5jL£) -. Jlia 
((((j-i^Oa^jSJi) Q^iii) 

4_u-aL>-» (jjl _a^3 (_JjLcSLiI 3j_L<Jkl '"'I d-uaJI Jl>-I jj* (J3III (ji I J-A (_ T JJUJ 

(jjl .«j_i_(^5l» ^j-Aj 2_a-iS L4I 3j_L«i,l 2_jj^5L>JI oj-A (jlj iattribute> 3j-j-«-a 
. (^^^pJL1-(^jLSJj Sj-udj 4_»_co L>J 1 4_<i_t3 iJr Jt> « j a t a i B 
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. f_j ? ta 1 1, 1 [j i n'll (ji^- lilli _>-^ O' 

((£»I31 S^J!) g^l) 
(((4 ^1^1 Jjju) J*jVl jj^) 

(((3 J*jVl jo*) 
dllij «4» SjijsJ! ^^jji^SLI «(_Jj>.jVI jjlc 4jj^sLi.» 3-«jS (jjSj 4jIjlJI (_a 
(_, i u^» jJlj>J.I (jLlSLII ^^Jl « ( _ t jj/^» aVI (jLSUJ "Ll^I^j^VI 2 y»ll J "*.* 

.((3)) (j^J S^j^^jla ilcse-u-a I (_ 7 jJIj 3jiJ>JI 

iCjVjju>J,I £yi <LuLJ3 (JSLSi ^^3 jijjiitl ojut ojSjj .constraints .^jntl -3 
<jjjL£ liLa ijl_jl£.VI «_cbj^ <-<! -»jt- , ..It aI U.tl 2 ojiill a^-i-SJI o jufc jjljtj 

7t o i n_t ^La (j£j («-! lil Lai ' a_g— j-SJ" »_a dj nm'a L$j| \jjt l _ 7 l*-a (jl£ iS^jL-o 

2 o-i-SJI JL>-G (jlj L^J 

j-«jl!I) : JLla 

(((150^^1) 

(jLS lil (jl^-L»- jl (jLtuJ^ J_«-*JI «L«_l3 (__>ii3j_U-U /y-OUjjJI (j| I Jui (_j_L»JiJ 

. I 50 (j_a j-ii^l ji jflisi (j-a Jjsl j-«-«JI 

^a3 Lajj^. ojjntl (j-a S-^Li. 3JLv ojuij .possibilities 3-£L«i,l ^j^ll -4 

. La jAxai 4JSL4-II -1 J 2 1 1 
(j_u_L>JI) '.(jLLa 
(((i±jjj^ j£ilua) 4_&L<di,l jajill) 
j^jJil Lx-<k i(jO_Ljl (jO a-^n-l (jjijjsjl ^ a uaJ 4_cSL<Jll < j 3 1 1 JJLajj I 'J" 

iu^iJLsJI 2,;.^.t neuter ^lla jjL>JU 3^jS *LU^.V 3JjUt-a (_gl (^JLULij id^jjllj 

. « (j_u_L>J 1 ^ * >-aJ «L>JLciD «L<i_i3 t". i inl jLjL*_a» (JjJljj ^_auj-JI LQjua&>JuM 
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q\S liLa ojjiill ^c ^jiajiiL! i^j^' 5-2j>13 cj-^J ..intervals Jj^LLII -5 

j-sjlII) : Jlila 

(((150 j^,) J^Ij-j) 

t_il im-kJ (i-jjjiJ SJiij 3jjjSLa)3^jIij «Liu (_,!£. Jl^.1 uj . procedure «lj-»-j -6 
*lj-»-i «(_yj|j_».al JoLljjVI)) (j-o pj-JI I Jut L ^c (jllajj ,/-.! ^.jU , ,.tl 3_<ijja 

. (7) KRL <y3 ^b 

a JLJi-"i i n"j i(j^JjVI ajj (3^'j 1905 ^JLJJ J J I (jl 4JLiJL>- (^Ji^a Jaj-iiiii JL>-Lj 
tcjjQjI j'-^'i ^JuJI a^_jJj jJ^tlL) l_3^j_u p fl-i < uJ( 1 a^j (ji (J3J2J i_7-^' (jj-iUL>J1 

: I jSLfcj iS-i^u^ 3_LcuJI (J3^ "^ lUj-Aj 3_JLlII 2 'mill ^ 

(((311) J^!^)a^) 
(((121) J^l^j^i) 
(((990) J-^tj^) 3-L^u) 

((JL*V| . ..^13^1 cJrt-SVi) J^) 

pJ-t-t-O 21-AJJ »-_)L_U^) £.|^J>.|) 

(((((a^J!) 

'J<? '"i^lj i A^jjJI «L<i-j3 Jl>-L3 3jx.LaiA 4jjJijS «(J!» L1& (— flJ^jLlII 3 1 J I (Jjjjijj 

AJ_J * 11 I n -*. d -^ J LoQ (_ 3 -J| (^J-^Jl tfjLjfc JJ-4-1J t^j mi >l (_£ jJI (jLjSJl ^j-* ^ ( I ullj 

5 A.^tl 3_<ijja <jdj_l*j I <iK J i-i m (ji i— *j«j SjLjJij jjlso . demon <L<-uIjj». -7 
JLitj-J (jl 4_cSL«j (_£J-Jt «jj|jJi.l-3jL<iol» O^ LjjJlI (j^' -^ . Sj-LbLcIl 3J_l«J.I 
(j^J j_uu I olS «LuJiL! «L-uljj»- «LflJij SjLii (^SLaj^ j uaa-VI jl j^i^-al Q3UI 
".^LlII ^e_Lll (_,i^- 3 ^jUjtl ojufc jJlLo SjLli t^-*- 1 - 3j LtfuV I 
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SjLi!) 

(((((o>u!) 4^3) a^-Lpo 

(jj>I) <Llu3 <-aj>»j) 
(0>U! jl2i.l) c^O 

(« (Jj < ill a j L$J>J I )) J-«->- 1) 

.hierarchies ^jJ&Jl JaianJt 

object programming languages CjLjLSD <L*-ajjJI <IjLjJ (_^ol_ji. fUt] £ya 
(_^alj V I I 7r o ml L<tS 1 4 fllqjJJ CjuLiSLll ipAjJb J i mI i n"t tLj-JJ 7r o i n"t L$Ji 

5-jjJJaJLl cjLoj^jJI Jl^vIjIS /<J Ijj L^jj^ ul\ aVl cjLjLSLII (jjj JLaliVLi 

CjuLjSjI (j-* 3 1 1 ill i n lJljjjlj **AlLa {jS~&jl2 j la *jI *_Udj_« (jLjSJI ^j** i h a (_ T J^ 

^JU3 (jLp-(_flJ^J(3) 

((« i j Laj » '"" a i*») 

l£jL& (jL^-'- ;i i>- ,:i ) 

(((( j lllr^l)) ^JjiJl) 

((lSjL*) 

3-oL»J (jLp-(_flj^j>3) 

(((( >-iIaJ 2f» O bLua) 
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««L«L*_1» i^j'i i n a <_y^ ^-tiiLt_a Jl>»^j («L«L*j '"'■ a Las) ".a 

"J**' taH» 3-oL«J! '"'■ fljLoJl x_o (jj^lj^J V « 3_a L«_LJ 1 )> '"" a-La (ji Ji>-V 

Handling objects mLiImU I J$lmi 

JjJlaJI (j-U (j-« ' L« <— i2j-0 J I La (j*-^ ir^ L ^>*-"l 4 K i"i 1, ^ VI (jlajJUJ 
Lg-Lj-i (j_o (j>~ '- a S^Lc i(_ T Hl! CjLs^L*J1 • ajlic aj «Uajl^il,l CjuLiSJI (j- 

«_a Jj ""_' lS'-*-" oW^' JyJ->>j J-* . » j I U 1 1 j 4 u »j j II J i ill i n" 11 LiiLS^ic 

f j-iiajj,! (jl^ liiLa (JjxailJIj (jjl Ulll (jji (^SLs-fl j JJ3 j-j^Li SLLulII Cil riir-iljj,! 
(jli i J-Jji^tllu tcJLI (J^jIjjIi '" iLlljJa uaV o . (J ^_ * '"'"' ^ tj-^- '"'"'' J-J 1 J-J^ 

1 J "■ j -i i "~ £yl J .Vi'ai ^^julo jj, I AjJl jJa£ 2Ul->< 2JLv t 3j «i i n~ J ,^'aVI £yi 

.(Jjj^sLalll (j-o j-j^I 'j^ (,j *° *"' tr^J*! Sjo i '"ill (j^ i^^jt-cbjll AjJl j la 

Szolovits): (jiio^lj^-") Sj^j <jiiVLv (JJ^-I iCjLjLSLII (jjSLj La 3 jLcj 
i3_JUJ| oL^ljia>U Skulls ^ }L*a I jj».jji (jLSLlI (jjSj I a juc.-3Ja.ifuJ 3JL* 

. I {ft -r i n (_£ J-o fj^ dLtsc-il\ (_£j^=J (_jiJI 

uiiL^ljJLaVl 3_«-jUa f^jjs ^LlS-II *_ l^j ui-^-i I «■ ) ic-3Ja lLJ 4 j A 3JLv 

.«L<uLflJl oJUfc ( _ T 3 ^Lt3 *Lluu3^} sLj^lSjl SjJillJ (J^ijJ (^^J i L>- Jj-la-a 
*— i^3J ^^Jl l^Jj^ lP s I>"'"^' l_r^ O^-^J ^ Ui^i I «. l *<- -gl U .~.i j_iC SJLv 

•.(jJLllI J*\ miILi iJliLial^a^VI jLpi.1 SjJUx. -" la a La SjLcj 

.aj i Vlc J L.L h JI JLivjl -I 

2 5 I » " 1 1 J c I j S 1 1 a! JljJ-"ii hIj 3 n 1" -»J, 1 Cj L^3 l^j^^U CjIjLIsI f-Jt^J -i^-i 

.4_LuLA j_uL«Jl L2-Ja CjLl^I^P^VI aJJt i_*jj^3 -_>■ 
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■XjJlJ^j 'iJ-j-3 (j-o 3ji^>-jJ,l (3SL2j>JI qjs Sjjjbv (JjLiv tii'i'k iiI (_yJI i_£-ijj 
(ji Jl>-j lil i(t_ i) Sjlajj I ^1 S^jjlII 4_ul£Lol *_o i3JjJl>- CjLual^j^l i 3 LxaJ 
jj_oLjj_j_U 4 I'll ni «Ll>-jj (j£L«-!J . js>-Ij (J J u i nj (ji t-^^cJ (_yJL>J! (^jlal^a^VI 
(- I c J-o-Ti-»_J (_j-lJ! /?-o!j-J! (jLJii dUj ( _ T 3 4JL«i ifq_i-2Jl - La^al 4_lLi£. «LijI 

. J^ljitl 3jLC:L3 
*Lx^u3 jLjJLxI ' * .'" Q^J <J^^ ^Ijil (j-o j2l -^J^J (j^-p '- 1 ! "-* 

0Jlj& (j^— 1 j-J_J_4_jjJ 4_J_3j_« 4-J-ul J ( II *_L*D^J-4_4_lLiij1 (_^-3 CjLl£d1^j^ 21 1 Jt-LAJ*. 

<-, S a -*■" lil oljLtxi-l SJlC .- 1 la c I ji , J Ja^al jLii-VI r-ljj-l *£l> -j 

3 j j I U 1 1 Jaj|j_iJ| -" Jj a 



Reasoning from incomplete information, and by default 

i_)Lj-C. (<s_c.j_j 4_jJV J" i nVl CjI j 1 o < II •" la « ij aLlSJI (jLcuJ^I » jU" , ,.\ 

.jjSL^JI 3JsLcl <_,]} Lfrualj i^jjj V ^1 3±aLCll CjLo^LlU 
4j iiTitl (JjLxjjJI 3_a«^Lo aJlC Uj_iSjiJ 3LsL*-o 4_uLSLol f_j£ lit-ie-dl (j-u JuSj 

f>ill fLjjl ^ 2 -^al ill v^jLo^mi 3JLv ^ L^iAAJ ijljJUl iliejl Sj^cJ^ 

,_£ <-2i3 Jls-" i ill i Reiter jJLjj Ja.a»a !_<»-£ il_L<fc (j-oj . Sj^a- Mill (j-o ^jJLlII 
. u~ , ,." jaJ I j|» (_lc (j --> " 4jeJj_G3 3ji£.L3 ^^ I "U ,^.VI s l£jJ| ^_o|jj *_L<i>- 
.«.. ••(j- 5 ! 'dLajLtll 3Jl£.L9 (j-o 4_L<j<_a 3_ajl*-a y-i ii" i a I 
x_a (J^LjijII 4 Ij i nj L-uL-uI jji sLuIol^j^VI ^ ij^tl a> 1 jLa-*i i nU JV JJL-uVlj 
sLui^l ><ua-«-a " (JSLi Jl>-Lj 4_JLaj>JI SLpJI ( _ T 3 (jjjlJL>J! < la » i 3 ■ »l i 1 1 1 nVI 
J J - p hm LlIj^ (Jila Lillij .« I jS 4jij-3 l^J sLuiu^l -i la « a » ji « IjlSjfc 

.«. ^j ^J Igju I a t«L«L*_u1 1 JlC La j j'-^'l » j'-^"' ' "" j^tLijI j*_J-<i->-)> (_ 3 -^*-4-i « i j ^J 
JlJ ^L3 i 4 j 2 La * 1 1 4_l>-LlII (j-° I ojl i n tj-oUj-JI (JjSLj (ji flJJ^ ' a 1 Ij-lijJ 

7-JjIo^J (j Q I ajJ (ji (^j'il I «L>-jjJI (Jj9 (JjJl^J.1 (jVl'lO (_,i^- tjyj-y* JV ^^ lS" 

£^c j_l-i-OJI (j_o JljV IJlj* /j I cj 1 4-LaIa-La 4_ijii3 (_g2 CjI»1 i 1 1 1 nVI f-J-*»- 

-.jjJlnJI J<mi1Li aiLuJI 3_Ll2^JI 
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tjclVhmUl *lSiJI 

i (j Ij-jJaJ I »J^~ i ""' 3.}Lc jj-ilajl (jl tt'im i nt (jLi ljui Li] 7r o i n_i 2 ij^3 
i_al Jufc2 1 (jjjJLso (j-a 4J Jj V ij-daj «(jj» <= LLuu d>jLLi (jl /y-aUj-JI <-^J^J cP^3 

:2_JLl]l 3U_.,„jll 

Jjjj-La-U (VUJ-J (MJQ t4_aL*_b /J iMl />jj 

(jl (_yi^. /J-aUj_JLl 3jJl^J,I CjLa^mi l " 'j Ltagfl I jj ^Lisej i na (JjSLj (_gjJlj 

.^-iLLs J_A «(jjj» 

(j-a JlcIjjS ^J^l <l>-jjJI j"i" a JlJ-"i i n" (_ T lI! /y-°'j-^' J o i"i~ La S^Lcj 

,j_a I gjlc Jj'iimj (jl (jSUj V ((jj) i_d 2 c^JL£ lilj iliL£ (jji jl£ |jl» f-^j 

(j_a 5) S, a 1 1 oJUfc i". i ii j 1j ((SJs.jL^ ((_>") <-*] (_>^= w H-3l (j- 5 ! "-^LJLlJI SJlcLs 
r-^Jj^-i «L*J ( _ T 3 3Jl£.LoJI ojui Cl'li.^ JlSj .^j^I «L>-jjJI jl^'« ja-uiLia 
J_aLjJ.! 3 ta . k Ij ; (l8) MICRO-PLANNER ^j NOT, J_aLj_U 3 U ■ u lj ; 
elJt JiLa jj JLj (J_j_J=l1JL! 3_bL9 4j*-ajJ 3JD (jj£i (jl (jSUj Vj . THENOT 
t-j_l^jj 4-^a-UI (_^jL5j>JI (j-a (Jju* JJlC S^LJal <i"iTm u L^jjjj j2 iSJlcLSJI 

./t_aUj_J! ^1 
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^§ ^4^M^\ wAi ^\>k 1 4 



s£UX\ 






j^jSLIj ii±xjj(JI (j-a pjj L^JI pLc r-jj^-J! jl g-ij U i"i 1 1 

i-illjjl ^Ir SjjJjJI aJi£. (j uSju La LJLc. SjJiill ojui 
J-LiUTJI ^jJa <±^tJJ tJ-L.btTL.Ll SJLILJI 4-L<-<fcVl 

jJia i^^jLcujVI j_lSLoIlII d^>-$ (j-o '^j i_p^ ^ ^ I"' •^X I 

i*Jsl^JI ( _ T 3 rr 'J '■" '"'^ "-r^ P?- '^ Cr^ tLiLJtjal Cj.il 
^^3 3_lILc SsLi^Cjl!} 4j^ojj1! j»jjl^i- i-aLiij^l ^1 
LlJl^v aJlJ- "i i ii "t (_5-J-II Cjlj^a- Mill «LlJLi ^^3 lit.-'e-Lll 
( _ 7 J& 3_'lSLqJ,1 7tJj_Li_iiuJ I » LaJ3 CjL£j^». *Jljj J-ujiIJ 

^oi^^u oL"^l o' L^.(2-l4jSLijJij|)ii*iJl 

3_L^ljjVI CjI j I o <11 (j naj ■»■ *ij U ,':, 1 1 Jia SjjlI (^ 

j_p-tj (jTJI (ij^^l (j^I^lII ^ L^ojicluij pUI 

CjLlsl-oI^Tu-uVI ijjiAj ^ Jls-"i i ii j «LJI L»S i4jJl>- ^lSI 
I -1 '-*•>- L$-l3 <= L>-!jJ (P-II L-oJsljJJ f^ L^ajij-" i iiJ^lII 
J Ml li II j 4 UU^J 7-La_Lll ^J^i [j] (^ 7T pUj (PJIj 

(_j-tjl (j_o •»■ 'j La •"■ II l_*_»J jy_oljj ?LLi ^IS JJ3j 
-S^JtJJ if-X I tla <^»VI ^L^jJI (^ (j-CLa-LJI CjLaLCL&l 
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lJ cllh J flUI *lSiJI 

*Lc ^ Claude Shannon Q^JLi j^lLo.LJJJUJ.1 I JJt ^ jlSLaVl ^yJjl 

7-jJLal jJSj . Jjj i_2j^ JL3 "p*** ita-i^VI sl£jlll» *ul (j£j rfd LaJ-t£: 1949 
p^^'l (j_a <l£.j_a^t-aj 47-jJjl (_ r l^- IJLJj-a (jj"< i nllj *_JjVl (J_u_aaJ LaLkaJ Q^jLlu 

,3 = (jL^^JI '3 J.uiJ! .5 = 2_uLLJI ,9 = jjj^JI) 2LaJlkJtl ^jJa..5Jl jJaiJ 

JLji.VLj iSjjiill pLxbji (j-o f-^3J i_£l *«jajjj (^ Lfral Jlst" < iiV i( I = ^j'C null 
i(2jSLai.l 2LuaJL2JI Cil^j^elll JJl^:) 2£jjkJI (jyi^ 2.UMI SjJLS jL-O^VI ^yfl 
(jjtflj /^ «L>-jJijJ,l jl SJjjjtXI ^£1 i m It 4_JL-u 4-a^a .- Ua c l) j£l i mil -i j la oj 
<j-a J-i^J J£ 'a-jt\',tl ^ j^~l*J 2 K mi 1,1 2_^JL«A sl^l^pjsl (jl^j . (2_uj_JI 
jJaill (<u iJJjJI «Uk: (_£JJI t_xr:>U SjSLail CjI£jjJI *-J-a^- (Jr a-2_ij<JJ I pLisjf 
Ijij (JJ^-J o' O^y Ct-*-" CjI£j^>JI <_o£j t4 a <n~*l 4-cSLa-l.l .iajijjl J-J-a-»- (_y2 
(jS_a-a *-^J (J^ ^-a^3 f-*^ 3 ^ ^^H^^' (J-* *0~?" f^-3"^ -1 (J' Ct~^ * I ** » foj • • L^J 
(_ya i_x£.^U *-^J J <>i'al jjJJ (_JJjJ ct^I' 2£jj>JI jLii-l *u iSjjiill pLiiji (j-a 
./j_au^oJI 4Jj£ (_gjJI t_£jse-uA\ i_xji^iL! 4_Ju «lLvj-a 
p J J 2 J ^_al_jj_j >jaIq] (>>■' M^a 3JljJl>- 1^_uL*_a (j^jLlu ^Lal>. ^^^ Ju9j 

Richard Greenblatt iO}Ljj^». ^jLiujj r>SI jJLs -»"*jU .^.tl 2_l»J c-Lbjl 

(J_i-oL>ij1 t i£.^LJ1 * ift iird^Lalju a! Jlj>"k n1 «Lj_LaaD (j aj i uj i"i*^au-uLa Jl^jla (j_a 

U < i n ill (j-aVI (j-u I j 2 1 js>- 1 j i » La-Si I Jl J j" i nl (_,lr lLjI 5-lII (jja .}Ji£. j-j^i (_,lr 
JjLa i(j-Lj>JI dili Juja (_£j^i-i julj\jla Cjliol JiJSj ~'<j La lUI ^^SLla (jji JSL! 
jui 2_i a iti (ji VI ia^jl^JI CjLul£Lal ^^3 /a£LajJlj (_^till 3^J-° o^ *>"j ' "^ 
(j-a VI 2 _i a i»i ^ilLa J ^"'a n , t III ? Lij? j^i-V CjJSj ^a (—aJjitJ Ji^ j_uL«J,l 
.i_t*lll ^a S^ujjjJI «Ja2J| CjJL«jI^I Lai^ (jjSLiail i^.n'tVl 
LjJi^o L*U!i J-J^.1 ' T 'J '"' ^ I- ' « 1 1 5j-aljj sLb S^a (JjV 7"J^s\ LaJ_i£.J 
(jl «_a i(-C I lla i^VI ? lS jJI ^La| dJSLiIi^ a^jJI (_^>- J-p-*^ (J'j' _0 J ' ''J 

5jjUuJVI JVal^VI tfjl* j_a ,3ili V (1984) (jVl LjjUo Sjiiljlll ^Ij^II 
l_La «_Lj combinatorial explosion ^^'alj'.tl jUtAiVI (jLa ■ Jjliill J^l ^ VI 
(_j-3 pLil3jVI (JiJ ^j^j^" ■ ■■*• ti*^c-i *lj-»-l L^-«-a J _;*»■" i ii j pLtujVI (j^ 'L^-J-S 
Ja. ^Jl Jj-3jjJI (^ 2KmiU ^JlxjJ IJL^Ij 'Ur^! J-l-a>iJI (j^-aJ (jrlll 2jj«JJI 
aJi£. (j^ /cX.jJL> iT-lllI Cj^^JI JjJls. (_y3 2_cSLa-U Jji^JI Jjii3l (_gl ij^ia 
«LiijJL>. (j_a ^j^^^" ' ■■ 1 1 t 1- tJe ill ^l^>-l guL>*i t nl ->r , >>""j , Lit ^ t- J l 4-ij -t~ (Jl aS*it nl 
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iJjluuuoJI 1J79 gjjhjiJI <-lSti £o!jj 



. 120 ^1 IO.jJLj 2Lmi] ^LttiJU ^Lbj>LI ^^KJI jjuJI 

. minimax algorithm lr^l 
' Laj 1 u-l (jLL<iij . I - I4(_)SjIi f_j£ LJ-tb aJlJt"ii nil ■»■ uU ,".!! <t>.^J (J-lL«j j^Jajj 



B 



8 


R 




B 


El 


K 1 


Kt 


Wlm 


7 


1^1 


P 


1^1 


p 


1 P 


1^1 


P 


6 
















5 
















4 
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py 
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Kt 


^M 
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1 B 




R 



w 



J*J W: Wight 
iolt R: Rook 



B: Black >yJ\ 



Kt: Knight JU*>- 
ilL. K: King Q: Queen y _ J} 

JJ B: Bishop P: Pawn <sj>~s- 

'^P oUMij To^kiJl «J=5 flit- 1 1-14 JSLi 
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tjclVhmUl clSSJI 

(_^a 3_5e_L^jII 3_L«iII *jl> v2j1^j^ ^yJ! jiiJl < Trey i^lj-fl <^-jia iljL>- 
/j_oLij_jJI j»j-2-j . «_jJLo jji L«S (j-^u VI I jjQ i_jjdll I J-jj (jj^JIj '2- 14 J^ i"i 

< 'j 2uJ AJJJJ i«LuLLaJlj^jj^JI CjlS^ei i4_cSL«J,! CjLSjjsJI (j- J^^^ f* 'J *"'.' 

4_i_-a-U \jIlim 2 1 j . /<s-&j Lpi- 1 i_*jj^3 in n-ie-i ra^p L<tt ii—ijj^jJI IJl$j Jijj-o^U 
M A '." , ,.l tc_ljj jQJtJ [j^u\ pJu-iUI £)] i _ T JuLX-i t(( jiji (^4jul » i _ 3 _A cLajLj>" i n U 

. (_£ jlxJi, ! (_>oAj (_,i^- j^- 1 p>s j Lui- I (J^2 (3^-4-" Jj-»c o ' n °' < 

'.(jJLlII ^tlll (ji^. » La.2JI CjLSj^v 5j_aLjj_JI ^j ^ ~- ■"'^ 

e5-e7 ^<mf e4-e2 L gj<mr - 1 

d6-d6 ^j'C i nr f3-gl (jLuaa. -2 



^ tj £" t «_al_jj_jJ1 f*3-2j (j! JutJJ . «t_4J jJu ^jL>J1 (Jn ilitl iJ ^ j "-i- d * 1 i nil 
(jj3» liJLui (JlaJJ ij-tuL-La L&jLiJ (_yll! 3jJL*ll ^ ij^ll oJLA ^ La »"' 1 Lo 3jJl£. 

. I (j i r SjJlje-Lo (_£j^i.i 3j 2 r (j_o «Lj3I il^-Lcl (_gi) J us&] 4 j 2 \ Jj j" 1 ."t 

^^l (J_C£iJJ i(6) JuL*J1 *_Ut>. (CJjjij (J-* fy^% L7"*"*" '*^ ^ Py^Mj"^' J °" ' " 19 

.,j^aa Jl»- ^Ir V 2 AjUjtl 4*jS j-^>3 ct-^' ^J^* 1 ^' cj-'li ' ^ ' " - S ' JL:>, J•' (j-**^' 
jj-uj-u i _ r l^.-^_ki_uJ (3^_i t3jJL*_« ^cj^2j LJuLIij ^_«1^_aJ1 fj ua&] a Jlj>" i nlj 
i_^ p^ iSjjJJI pLijI (j^ t>-»-a J-ciaj JJ£. .^yJLlII Ja-u-ajJI J*C Mill ^jJI-Jlill 

(^jiajji^-! 4_u5jLoII cjI£jj>JI jjl»J 0'j- ^ (jj-ui! (^jjLs) u-u^ i (^j ia-ul (^jjLs) 

(jj-tiA-i t_a) 3 + (tj '^>~* (-i-is) 3 +((^-0^-1 t^) =J 

i2jL»jj!I JJl^: (jL? UKj ijj^l <ll 4^LlI,l iu^jLSJI i2jL?j^JI ^Jl^: (jlfT UK 
.(^II^ »l La c I ^^Jl "-Jj-^l (j^ L«JSj ij-Kl I j"i "^ I J a » xLaj ■ uj (_yl!! 5j_^jJ,I 
SjjJJl! 2- 14 (JjljI/ ( _ t 3 4j;tii5jJ,l Sjja- i"ill (- La 1 ujJI rC_i-SJ I ,_p 3- 14 JSLi (j^-JJJ 
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(JjLuuloJI \Jz>$ gjjhjidl <-istS £o!jj 




(5) 



^lj^-t laUI l_4_L>.L) i j^j t V I ■»■ "'" a l (jl (3^-fl- 1 Q* " fl '"' "** J L^-">*" ^rJ^-J^ *JI T ' " 2-14 ( JS-Ju 



163 



tjclVhmUl clSSJI 

*_a i. 1 1 uLuj 2 3Jl2j>JI (jl 4-14 (_pL«i tc^jj L«£ .«Laj^DjJi,l «LuL^iII pjiill 

.p : e2-e4 <— *j<Jj q] {_y*jJz\ ^Ir i-t^j lj^ ^Ir j 1 1+ ^j i^SJI 2 aj^l 

: ^^Jj La OaJLjl i^jLaJI Lku-^Ljj 

t^j-xj U, (JSLifc tLaj 1 "j" VI ( _ T ji La 4 j 1 n -»J I aJJt (_yl>-j . 3-jLill 3jJL»-a L4JL3 

i3jjiil! pLUsjl (j-a SAjJls <-iilj Mir j»j-23 V ^ j'a i(jVI 3j ' ntLi 3^vLlU 7j_a!jjJLi 

. 3 jjJlc LaVT j»j-2j Jj 
jj ^La "J i^ a 'l' (_yjk 3jLl>J,I ^ ^ijUjII (jj£i (jl (jLujIo <_LJLufc jj-ujJ -<— i 
<j-SL!j t(jL 1 n-»Jl /_i jLiSL!' (jojf.^UI Lijii-Lj <JiiljLp£.l iiJLui (jj^-i 0' Cy* 

. (O-Ijjjlijl sLajlij ( _ T 3 L^JLiol ^LlIuj t L^jI 1 n->- IJl>- ' ■ » ' taJ 

^JLc (jjj Jjl (j-ujjLi 3-*-aL>. <j-a Jacques Pitrat CjI^Lu i_l!L>- (jL? JlSj 
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(5) ^j>iJ Uij - (Cjisll <a^=>! J,ji >jL> 3-14 iS^i- 



(8) 



LajJa dLup- i ; Wilkins J-&LL3 <Uj3 fu <a^Lcf (I) ^ SbtA^Jtl 3JSLMI 

. SjjjccuJ! (j-a^ac i"t 3 Ij 1 iij^ high-level shategies LL*J! CiL^c_ulj"miVl 3j£Ls 
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(JjLuuloJI Jb>g gjjtuijJI uaJ ^oIjj 
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(5) is\} 2-14 JSU Sj^^i jjjr Ji j^aj (Cji - 4-14 j£i 



, I j < q a- U £ "a L^_La «3j mi jt,l» ljx.-pjjjitl 3.3l£ Jl o tt\ ljui J.t--v JiJSj 

i— 3Jl$JI Qj^J ^J .«L2-<JL>u t-jallaX I <_3Jl^JI sj-ilo ( _ t 3 « 3j mm U » <— 2j_*j i^ij-v. 

(jjj^-iJJ LdJJ,l (_>ii)) jl « >l '^* H (Jj^-iLII (j_o liJJj J I cLtkiill ojui Jl>-» jji 

<_3Jl^JI jL^oj (_yJI L^JLJLso (_jjiJj i3_uij^ Laljuii 7^_aLJj_JI » '^*jj i«jJ>-VI 

. lU'tl iljjs-ul^ii-uVI Ojui (J!Lo a JlJt'i i nj (_gjjl JT_oU^jJI »J^~ I uJJ . ( _ t jji t UjJ! 
d J T J '" iJ^ C7^ d SjS-. i Jj-r" 1 1, j (_£ jj| j_a2l-ALa^LI jjSI Jl 4i^>- (j-j^ nitl 

.S^iij^JI (_aljukVI jl>.| 



uVl (JS mi sLiLjJL: 



M5 



iUI 



ujjjJI (-SJl^JI S-t-Lila JJij>oj 



t(J im_mj <_2Jl^ diiil 3jLi^ 2-°Uj_lI! jLli-l lila .^-oUj-J! LaIIuj ^pJI 

4_<t>-L$_a L&Jl>.| (JjSj Jl3 3 £.3Jl$j (_ T l!l j I U -^ V I /ajjjcjtll 3>^ SJ^- Jl^-j i n^ 
JLa_j jJa dlli (jjASellj (I) (<s-3j Lj-Cj-3 Lfljui I JJt -- • • tajj i \l ■>■! I jjjjjl 
iJ-inJI iili>>iJ J^"' lij^ ^ jLi^aaJI jl JjiJI ^|>*J (j! JJ V 4j| ^aLjj_JI 
4^jj>JI jufc J!la (jl jjJiJl^. j j laJ JuSj . (2) *^3j Liilj-3 Lajufc dlli ■> • i a.1^ 
j^i-l Mgj*^ inf (<uJl2j (j-a Jj ^ia I Jl^Jj i<bL«-». (jjj ^SLcuaJI Jl»-I i_dp3 JLS 
LajUfc I juk * j . ^jj ijj-<i]l liL^-o J-tS JjjilLl LutX-o (jl£ (_£ JJI Jj^l 4jUj-J 
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tjclVhmUl clSSJI 

. I jSLaj t (3) Akj Li^-j^ 
(j-o much narrower S-pjo^e-o ji£l 2^-^-j'^ jui (Jib ^ jLa-Ju^l qj^j 
p Lcbj'iM ^Jlc (jiiAJe o L»£ i UL»g ji£l L4JI V! .^j>>_iA~ , ,.l I (jj^tjJI jLajil 
,/-Jj .Si c 3j^c (_ T i»- jl 1 2 I j ft (jL*-o c^l <-**! SJl^. (j-o I j*' -»■ j i_Sj-^=j ct-^' 

' .'J " J '(j -1 ' ' " ' • ' **- ^ a " ^J .' J-"-*-" L3-^ <7-°'-^h l -" ' ijL -ri Ij^S-Aj 
(_a}Lse_> .3 _,-> 3 ;ll „jjt JIo ^ 2_JLdII v^j^j^JI ^ bar: 3_jj E _ul^ J _ VI 

(jj£Lj I Jl^jj .JojijjiuJ! j-J-ill «Lje_uj I 3 1 i^l J S^jcilJI joj^Sj S^Lcl ^jjkj <AJ2 
. «QjejJI 3-3J^-iiJI «La_uJ ^^ja-ul^ljj/VI liljl 1 ntlj cLflj^LaJI eJJt (j\j 4_iLfu3 (_gl 

<_a3jj,l 1— i£.j~ 1 n") (_ 7 jJI ^^-iLcuJ^I i_iC^UI Sjiij (_pe-o i_H*J Lxj < ' 1 »L>J1 JJJ>J 
7j_aLjj_J! .}Loj£.I (J3^d "^ -^J • S-SjO*- tj'>* (_j-^ <4lo£lj -»-''j La iSJI 3_>.jJ ^Ir 

(Jjiaj tjjSLj j! I Jl>. (Jj^>J.! (jjoj 'J ■^■^ »i IjljJ.1 jji (_ojLLi^JI oju* JiLo (_j^ 
f_j\c Sj^icj . J iii" 1 nil u^ ^lajl^lc SjijLa I j Sj^JJ (j\j£.^U! (j-o lj .^»ly< . ..'. 

i(j\j£.^UI jL^ SjL^o i_j(ill f_^S L^JjL^o ^ &l 1 aj 7?-oljJ till I i»U". , ,.l I jj iiiilj 
. (j^ j r ^U I jLj£ 1-^.fl JLa-" 1 nj (_ylll CjLijy-ijlj"ii 11VI •« j* ,j-a LcSLaj 
(_JJljuj 3_c|jjj ■»■ ij U ,". 1 1 t-^jijj jy_o|j_i ^Lb (^ 7-LaJjl (j! I iu-i^aj (jl -i>>J 

j_LJj_u <_2p£.l JlSj . 3_u(JJ| ^ jaJL«JI Jlaj aJj* Jl3 Hans Berliner jjjjj_u 

ij_ajJI 'Lj-oj (_y^- J^icl JJJ (_p j^l iJij>JI 4-AJLv Ji^ «L^oUj_i (j! ^ 1 "■-" 
(jAj j<J 3^jj»- 73 (j-\_> (j^a 8 (jl 3_jjU| ^1 j"M jjlj 3jLv 3_,j|jj , - w j U, i j^j 
,^ ^1 Lta '^Vl ^L^JlII jjjLj (j^a J-i>s cjJl^- j-al^JI ^ I jut jl£j .(^Jla 

(JjLtoLA (^l t utUl pl-Lisjl /c-ij^j (_^ 4_ajij>" inl,1 ^_Ai_Ul j^" /o_j_cjtJ (jSLx-ij 
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(JjLuuloJI Jb>g gjjhjidl uaJ ^oIjj 



any'j-^i 



.La! 






Jljlj L<4-i3 Lj *'* OJca-'ii 11 (_j^-!' 5j^j mm" 1 1 CjLJL-ujVIj > mi i 1 1 (_ji£l *US *u 

.Jir-iiill ljufc (^ 



'^Jtijjj ^JJLijV^Lill Jl!UI o^j^j .3 JSLiJ LOkXa^laJI JSLiJI ^ 

. Evans and Bundy 

3JjL>JJ (_y3 3jl^.L2JI jl>o (jJ 3-jLcj '<l>Jj i_£ jJI /ojj/jJLi r«-<-uj J^Joj^j 3ji£.LJa 

.^jjlijl Jj^till (_,lr I 1 iaj 1 (j j La " ( _ 7 jJI SJlcLoII 
m£JlJ1j i/c-t^Jj /-la^ll I ' fl ' a j 1 1 (_£^_«j jJjIlx-i (^Jl (J_uo^lJI t tj*_) JljJlI^. 

ajjjijJI (jij <_a}Lii.V!j 4 j Mill cjLjs^Lc <ial£ (j£, j-ujiill «L<-uL-ul (_,lr tj^x-i 

(j-a JljV (jl£ (jSLJj 1 LLo (_5-CJ OJ- 5 LujiAjLj «LlU-«JI "J^J (*3-2-> (j J;c - 1 J ** * D *- 1 1 
(JI "" "K till j 1 Lj-a JlJ-"i 1 11 j (jl in uLsell J_>SL<5_i (_^>- ZlJ^c-a «L;e_ci3lj I J^*~^ 







S 3 Oj£l lit. 5-14 JS^l 
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tjclVhmUl clSSJI 

. «|JL>-I ^ /^ Sjjljij f-Jj-a Ii-J 

!/,-& 4J <JSL<i (_j-ll I (JSLji j-j-«3 (_j^-ll SJlcULIIj 

<( «lL>. 1 .} ^^^ )) ^l <( 4_La_pt_a i J7 -^- » Jri^- 

: (_, la <1 r - (_,i^- 3 .' ^* l * LaJ^- cr^'j 

.4ii-lj ^ SjjIjj trJla : J 

- ( _ 3 _Lc» (j-lJ j_<tJ>J, I <_i_J^j<IL> (JK mi^I OJl^J (_£J_aj_ll I fl l a j 1 1 «Lb (jSLa-lJ 

' 'J -' ^ x - 4 '(J> '^'H (_y2 jiLjjji2(l Ls-AJjJl>- (JjSjj i«(_y3 iila-iae a 

(f-Jj-a S^jI J lUj-Je-a-^^i^.) : I 

(cJ^La SjjIj "a-tae a-^ I c ) :r- 

:4j*_uJJI ojSij ir (JSL<i (_t^- L&Luijla lil (_^-!'j 
(i±Jla Sjjb ^) : J 
i a Jala 1 1 (ji_j oLa^Lli-Vlj till j jl uuJI ^Ir i_3jjLlII SjJlS (jl i 'I mi Vj 
^Js 1 j , ., al ' \ ^_2^_j_u /JiJ! ^_lLLU1 CjLjJLsju 4_l>-Ji^_c_ij «Lcu_uj d^in ^ a u ^ \ \ 
(JSjIiJ i- a La 1 1 1 (JVjJLuVI 4_lLw<J «Lu-uL-ui I <>■_»! (_yjkj ^j ui£ *_<-uLlJI J ua^JI 

« jiJI ^ *!&!> *$>-U» 4ii^-2 

^ a JaJ Lj Lj^-j-u j mi i II (^J^*^ (j-"l (j -0 ^->^-> f-a (jj^ mi J a Sj^Lj Jl>.Ijj 
S (p) 3_ujJLll 2 jjuail j j 'II j^j£. L*;!-a->- OJ-^JiJ 'J^ ' Jls- 1 ^ (<_>u) 5-iSj Mill 
i2 1 ~»-j-a (_gt My-S ->lj I ijj . 3j_a J^ i La <& (j\j£ljj VI J-i-ujJ V <_jjLS /a^jjjj 
(jLa '(j-£> "i j U JJ-C (j-C j mmII A_^>J ct^' -^^ 'J-4-"-" (j-a <LLck> Mji ^j 

t t j : £ j > i 'i i oil «L<i_L>.J t lSIjjlII ^jjSsJJ t ?ljla <J ^-a^ 2l 1 ^eJJ^ m ill (^>J ^_ 3 -"' ^j^g mi 

^ axaJI (j-a Uj^>- <— ! J L2J I jjjjuj -(j-aJ mJLj dlli CjjJL>- (_*-L>o (jjJjLaj o^'-^' 
^ylc JiLij>JI «_a tj (j i II j-j-C Jiji J^ Ji ^yji 3K miUj • L^^ OS^i Ct-^' 

V «ul m^J >LjI^ ^Lli (jt^ (16) jJ_jL^ JLjJb (j-Lc: olj .(jj^iJll 3_o>L^ 
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(JjSLj (j! JljV i4 h>^ 1 1 ojut (JILo L^oUj-i (_£JijJ ct^J '• tlhL> mm 1 1 (j-o 25^13 

. Ijlx. L^i 

Jlj*_j (jl » j ^"~ i "_* /?-oLJj-i 2jLiS ( _ T ji lLa ^^ I it— ,^.VI jils jj| 4 K mi oj 
j j 2 "*•" . _'!j L>L&-} MJ'-^' S~>^ (V*"i-*Jl*Ji t T t ^'^' i-.ljU-i-tl ^ , ..*'< 

Ljjj-go I a iaj i.i nL>Jl /- La » i (jl i— i^c-J iiilli jj^-»"lj 5 .3j mm 1 1 i_2Jl$JI 

^ j-lVJI fj^J iKfj qj^ A ,1,1 La-ci) Oi^ c^ 1 SJI^O Vj^' 2JUJJ 

sLljL^JJI SJUtil jj>.| I ^ . aj j iQo^v^iLI-Lj-Lo (JLxLiVI (j^oil^j ct-'-" a,ui| 
i(/g-a-j-lJi,l-j (j i II ( j_o ^Jj^-^l 2 ii i>i II ^yJI (j-llL-u la-i-h- -* . /n-^JLSlJl JlJLc) 
cllLsj'i/l «_j_4-^. (_j-3 4_j| 7j_oLjjjJI J^Lij (jl -V^J . 2JL>JI JJJ-»3 iJll^LaljLAJ 

: sLlILlII Jaj^^-ilJI j^Ijjj 
(j^ 4 iii<i J£ (^ i(l) j-loJI (»3^>J (_j^l -^J^- (j^- GO (j^> mm U JJi£. JJ_)j 
(j_a J-Sj-o mj! (_y3 jiii^-i = (a) jL£ til VI itfjUtjl «Lui i_!jLiL!l ^ jl J^-Ltl 

L-ialjjiiJ MgjJ i-aj| i a i a j 1 1 <;LLi (jx. LujJl>- ^^3 LiJI LLfli i La a. ." I jl i_i^cjj 

3-xjtoxm L^jjjj^s (j-o Jj»j>JLj JLSIJ^U 2 SjSi 'II <LlLj.il!! Liia>L>o 1 2 ii t*i -■J, 1 

zj^>- l-jjuus] 4_JLiJ(J! ojuij :CjVL>J!j Cj^LoL«Ji,! a! J^'n nu mJJ-oj (JtH- 4 - 1 ct^I 
(jj^ mm 1 1 ^^>-j» (jl dJLtiv ^Qa3 . «Lii! ! JL>- ■ -\;t* I 1 J a < , I LajJJ ts-oujjJI (_y3 
JJlX. jl (_yl£. «Lfli! JlJ m^j La *_' i«. .(_^jV! (SJti! j mijI! AixsJ (_jJ^I ^ Jfl'"i 7 - """ 1 ..' 
^-oLjjj (_yl£. J<j i hJ V Hal j mi nt JIUj l7tJI . . ( l) JJLc (jc JJ^J (jl i-t^cJ (j*) 

aljJlII (Jjlso 2tj j , ,,ll jj^a <l>-jj Cj!jl!L) 4K Mitt ^JLA ^-Luj ,<: ^1 <J- l ^ 5 -3-y O' 
3Lct^_a )t_a iCj^Lami jt-uiJ*. (j^Laj j| wl^Uj_i1J (jSL<u m^I t LiSL<i^3 ^^ o^ I l1xj*_u 
j mmII j»^>J (jJ^' ^JlC I j j a J^>J 2JUtJ 7-1 o i nil i_ x^cj V <AJi JjiJ i Jo-lj J_l9 

:(_jij Lo 4 K Mini I 'j^jj i^aJI i— oj^jill! jjSLjj 
(2J3JJJI 3^1^11 ^ jji ( JS)(TTTAAA) = L )i :2LJjVl 2JUJI 

jiii^-> = (ji :«LuLjjJI 2JL>JI 
(2.UJJLJI 2^caJI ^ jji J^) (T T T j» a a)-j- 
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tjclVhmUl *lSiJI 

(2>c 7^-yj ii^J~x-a i_aj^Ii C^o VI Jj j Laj 2 Cj^LaL*l,l ojuij . (<i^jLJj^_*jj (5 

P J' i_>" : ^' J-jJ' 4_LiJL> 
P J' (_>" : ^i'-4-^' 4-LaiLi 

2 i l a ;\ \ 2 U*\ ^SjIjlxII 2 U ^\ -| 
(^^JLoVl (jlSJll (^ Jl>.|j j-ij (»>>J (J^Tj JiVl ^yk: JlvIj j mm a) -2 

N (C, ORIGIN) l,n (M, ORIGIN) > 1 

:2^t_uJI 

SJjJlS- 2JUJ (_flJ-3j (I a)-2_)Ijl_JI 3US". <=== 2_,| jlJ| 2U;i 

(T a) + Sjl^il! 2Ja2J <=== SbL^ill 2U^\ 
. T3undy i^JlJjj ^ JIjXI Ijl^J J^sKJI j-oLJj-lII ^1 f^j-jJ! u^Ujj 
^_ys\s>- (J^>ii! (j! j-& o^l-cl LaLu^Dj^. (_ylll 2J| i ii 1,1 ^j^. cL2j^Ja t-jJjy Laj 
i(_gj_i.| (JjLjia (_^>J «Lo I Jiiejj-u I ja-uutj (3^>-a-i 2j iCjI jJu 2J| , M l,l oJl^J IJl>- 

I^JjUej(ji leanLouivLauriere JiLa ( j : ^^T(>Ci^LuCjljLp£.VI ^jl&cj^I Shj 

^L*JI J}UJ!) jjIajj , ( ' 2) ALICE JiLa aj^jOI] 2_tLLa ji£l J^la j^>laJ 

j_Juj njj <i j i nj (Jj>^J oLb (_g JJI General Problem Solver (GPS) (J-jI m oil 
. JL>J,I I jui ^^3 j^oljjj J'^'*>? Newell, Simon and Shaw 

The GPS Program (sill I JiUAl JiUg*Li>|-3 

jj* Lj^-(i_aljLji'^lj cjLJLj_JI) 2_uL4jJIj 2uJjVl cjVUJI jjj^o v^?t> 

(jj 1 4-j " j T* ^>i^l ^lS> i"i Cj^LaL«J,l Jiitjj (j! (^SL«j-aL«JI /^-ou^jJI ^^S-j^jSL! 

p-LpLi liLJjj <i_sjl$]|j 2jjiljJ| 2JUJI yjj 3>^" Jjl^" >& J4p»>II L^ajuk 

^I-^JlIJ ^-3 <ij| J-U-^J-Lo (j-o i_jL*jJI 2J£L,io Ja. jjj| c^£ | jLa 
(((Jj_(J,l» 2JL>- (j^_i 3j-^' O*^-"^ O' O^*-*- 1 (J- '-*- L>^ ^**J1 (j-'- 1 '-^ iOj-jjJ| 
cU_u-a3 (jA-4-iJ i)«_£jJ,l (_yi <_3^lJL>-! j-tb (Jij-al\ Ijuij .«SjjjjI (_y3» 2JL>-j 
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i(Jj_cJ,l (j-a jLLiaJI Vj SjjLlaJI «_LS3 V tjSLJj ijLLaJjJI jl SjjLLaJI a\ jJxlu^iu 

ijr Cj^ i_3Jui i^jJ tcj-usI I jiSLij i4jJLjJj>JI diSLcJI tlLac jl jLLaJ.1 <j-a LxJlj 
(jVI ^yk: <>jl1j ^ jJlj i(4jJjJoJI i'K mil 2U^-^ j?) jIUll ^J Jj_^^J|)> 
jt_oIj_j_U 3j_uji,! 2_aL^J| CjI o i nil (_£Jl»-! (j-oj . IjiSL&j .. d S-^aaejj ■ La La ~- 1 (jl 

jJs 'Lul$}l\j 2uJj^/l 2JUJI (j^j^j^iJI Jjl?".! j-O^I i^jdl J^UII (jl iSjsljJI 

jl SjjLLaJI Jlo icJsjJI dili ^ -r jj La 1 1 i flJ3j.II ^ .j^.U"U >LiLa (jjSLj V 

j-jJb (jl JjLaj 4JLa i(J^L«J,l Ijla (_>iiaj_i GPS aj-^j (jl <j-a "^Jjj ijLLaJiJI 

^Jj\\ L-Sljufc^l f IjJl (_ T Jj L«^ (j^icjjj . JjaLjtXI I JL^J Lu-ul_La ■x •_ ■ — -^ t (_iJ3jJi,l 

: l^t a J^LjuJI GPS ^jlali "J 

I JjJjLb <_) J I (j-u jjjlj-^-!' Jjliil -2 
I (_,!£• La (J-oLta (j\u LaJ -3 
(j_a I flagjCjQ Lcjj ^£. Ju>-I (J^o (jl ^ ^ rt J o c GPS ^ m) ^>-^' » JJ qj i --"j 
■*■ ij La •"• T 1 J^La 4j^oL>- CjVL^aj ^jUTt (JSLutaj jLkJal dlli ( _ T 3 Lxj iJjLcuJi,! 
j-a!j_JI <j_a !j_0£ J2l j^Vl JUJ.I ^o^bl^l ^1 -liL^J- 11 J-l^lJIj 
(jl IjjI J -^\. ^ (jSJj , (IS) SAINT jl (I4) MAC SYMA-JiLa S.^u^tH! 

jj.0 g 1 i ii I i no /t_aLij_jJ! j_flJJ_a J-Si L«J lOjLulcl i_^cjj i IjjiS GPS (JJ-SLj 

J-jl i ii U J^v 2 j I a-C Sj-ulLJ J .^'ai -^ j'a -<ujl2j ^1 i_2Jl^j ( _ 7 jJI uliL-uljjJI 

.((L^J Jjla- ^yJI Jj-ojlII (^ 5-a JlJ-"i i ii U 2_jV!j 

The ALICE Program ^«Jt g*lijd-4 

Jean-Louis-j_LjjjJ (_gjJ <j^>- 2 La ■ uljj JlcI ^j-ll-jj .nil Tj-aLJjj * j^" • "„' 
3_ij^SLl,l 2j^U;llj 3_lj^LjjJI (JSLuII (J^ej (jl-^^ujjLi 4jlaLv (j^ Lauriere 

(_gi UlSjJI jl^'l I J Cjlcjju>J,I 2_j^Laj Cjlji^ia ^ Jiir" i aJ sLiij 
'.tlj^v! 2jjj| ^ 2JLlJi,I JJl^oj 
(jjSLij (_jjJI jj^5Ll«JI ojui i—Sjjuj iLET «p J» 4 oKl LSjj i ii a i(_flj_>JljJI - 1 

. L^:ljj| JJ^=JJ 2JSLiJ,| L^la 
(jl t_tJaJ ^ylll (ttji!! -5Jt=eJ J iFIND (( Jl^vjI)) 3_<iiSLl Lajjjota h-SJl^JI -2 

. Jl>- jj 
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tjclVhmUl clSSJI 

Cj I j-jJLll, I (j-u Cjl3^L*JI JJLajj iWITH «*_o» 2 o IS, J Ls^j-l^o Ojjiill -3 

L-j-^JjSI (3-^J L^-ajLJ-"i i ii J V _J^3 Ji^-lil!! aI JiidL-uU «GjL^o (((JjijJI)) /j_oUjJ 
<J-j-3 5j j La 3 II a ^a J 2 1 1 a! Jlj>"< ( nl (JlLc 4_coL>- ^jjLjlJ, ULJo <JJ tj) j i n a lIuu 

. L^la 2 Ijj La 1 1 

. VLjH>-l ^ikal fO-j-SJI sL2jju 
.JlaVl (>JI <G| jL^Lil j^ J*JI (^Jl J^jHI -^ 

<t>-^J sLlUoLj^J! ^jJL^JI (JjLji^ (J^- (_yl^. 43jjJLl «(jj»jJi)) /^_aUj_> j_uiilj 

: >il<ta i^li 
GERALD 
+ DONALD 
= ROBERT 

'.Sj mhII <J^>o L\j GERALDONBT l-Sj^^JI <j_o J£ Ji«j du»- 
G D R 3_JjVl j»LajVlj i-^jp^j^ Jj^jJLIj i ajgjm L$Kj <9000 2,1, ^i-ua 

2-lU^. ^ cAajJI (jyJI jLlujJI (jjj 2JU-jJ.I aLsj^I <_yA a,b,c,d,e lijI£ I ilj 
ji^LiJI (JS i""t (_yjJlj «LjJLl!l diLa^LtJI JljJjILi ^jjy «(j-ujJl » pj-oLJj-i (jLa i*_<u>JI 

;3K«*U oJufc ^ 

2D = T+ lOe (I) 

e + 2L = R + lOd (2) 

d + 2A = E + 10c (3) 

C + R N = B + 10b (4) 

b + E + = 0+ 10a (5) 

a + G + D = R (6) 



72 



(JjLuuloJI \Jz>$ gjjhjidl <-istS £o!jj 



(a=o & b=o& E=0)Uf 
(5) 



ila^J^j <(a=l&b=l&E=9) jl 
(2) 3ii^,l^j ^eimodulo 2) 
^aWJ^j ^DCmodulo 2) 

^JS <L<±Jl£ £j\ \JL*JU2UJ&) E=0 3-Aj (_ T JJJ^>0 JL_lL>.L» «(j_u_Jji» XjOUjJ AjjjjJ 

".mJj-Si JK Mil ^yJI 4jL-o'^I ^jjiill cdlj JJJU "-^rP- t(j-a-i-a b, a i(j-a 

d + 2A = 10c (3') 
C+R+N=B (4') 
G+D=R (6') 
d (jLa (J^-j^ jo^j L4J2 Ijiij «Lp.jij tjjSi (jl jjV d (jl (Sj^-a) (jx. ^j-yj 

Zj-x-LJi CjL> t" 1 11U (_^>J! Jl>-jjj i4-2j^LiJI oJl^J «LlLw«J! j o"i 1 11*^3 . jJul& — 

Zj^c-uA\ lcj£ Mj^Jjj .6-14 (JSLi ( _ T a 7c_l^j^ jj* L»£ 11 La S a jJi^. i-< 1 u cj!j 

1 04! j mJj^-^' CjV^UII ^ VjLu-uiJ LoJ^ Jjjcli^a J-iisj ^1 R=6j R=4 

•.^LU^ aJLJ,l J^ j^yj R=7 V! J^j V 

GERALDONBT 
19748526 3 




R-4' 



R-6* 



R=7 solution 



R-6- 



Gerald + Donald = Robert ^A ljx~s> 6-14 jSLi 



I7J 



tjclVhmUl *lSiJI 



( \2) 



CjVI jj laj (- I c LoLii j_ljLj aLc 'La-^J (Jjl mil (J^- 4-<-ulj.} Cj^jI jJLt 

c-j_ck>j_a jjfcj i3j_uj>JI S^JiJ'i/l ^^a S^jiitlcullj inference engines r-l" SxuVI 

CjLi5=_uI^1jj/VI (JL>-j! (JJLxj (ji (Jjji>J,l (j-aj .t_)L<SL!l I jut £^a » j|j II -" i o2j| 
. Jjn'inU (jfl JLjI^a igjjla.ifUI J-o!jJ (^ 3-LjJI 5j£Lfl Jla iLJjJ! 
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b£>^\ 4*&&\ jaitW^ I 5 






***** 

3_aL\Jl /T-Ai ioll ■" J i "I i^- (_yJjG *-o Sj-foiJI 4 i LajVl ' 
CjVL*_a ^^3 LgJLiJ LaJ JiJt£. i3_J£j 3_oLc (JjSIj (jl 

(>u S^JUl 3_JjLoJI 4s>L«JI t=-^3jj U-« i 3jjL=e^5 

-5jlj.il Ijj cIjI m" nit! JjIjI (jyia . 4-lojajiJIj 3-lIUpII 
3j Laj aLiIaVI ^^3 Edward Feigenbaum ajLlLi_-*-i3 

«_cbj t_j I U " * . **« t| ( J_j| i ii U ^^.3 aJlJ-" i n" La 
(j_o 4_Cj_<j^c_o lj^>- \J-j •"■-'" j uiij Cj Lcis I j_j-3 I 
uj& 3 j r jJ I CjjI jJsj . LfcJLi^j <3 (_^lll j aIjIoJJ 

siLjijI fjJl u <i \ ill (_l!^LJ! (j-a pjJJI 1 j_d> dlJCo-l 

(j-« 4_uLa^Util si olr (j^_i liJj" "id $-^j-u±a /cjlc.} 
/oJLcj ^LlajSLII Joshua Lederberg t-jjjjJjJ Ij^i^v 

i al j U ^ V. j-^.1 . ~ » I M j i yi i "^" ■^ I JiJSj . Sjlj^JI 

2_Ll£_!l <_al_jJa_o ^ iajj^tOJI JU=-o oj^jJ 2UbSLJ1 

l£j-iSj3 *L3jjla ' -1 ia I La 1 1 S^LII £yt 3j_uLca 4lx£. i_2 JL23 
LxjO i3_l)Lc 4^1ia Cjli CjLjjijjSLlI 3Ja i ulaj ^LijSLlI 
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tjclVhmUl clSSJI 

i*1j-»- ^1 ojui ij\j CjIj jJI J 2j a j iSjiJJi^. *ljj>-l ^1 Ljjuj^v j 1 ii's't 4J£. /Jlj-cJ 
S^JUI <_^ (^jJ! (3) DENDRAL JljJ-b-i g^^j-} >"^ j-jLJI J.^H ^ 
ilaAselul (j-° j-^p jJ^J ,_,** ' ''•" i^aVI «l£ JJI »l olr j-liu SJjJlC Cilji i aJa 

SjljLvJI 2_ol_»JI «_aLlU i^jLd .si .ha 0U0I ^ j-u-oj ^JJ! JaxI! Ij-a ^1 
j^cLjji La (jLcj^ji (2>SLIj .oLlUsIj^JI »l It- (_jjJ 2 1 . >■ ,; 1 1 j CjJs^JI dlli ^^a 
3J£Lufcj JtH-*^ *^ l '' ia cr^J ' J i Jl ^" 1J- 3-i-ujSjJI SJSLiiuil SjIjI ^Ir (J-ojJI I Jufc 
J£Li-o Jljlj «J i±Aje_j_JI Jal ..it ^yk: 2aj^Utl J£L£Jtl jjV di!ij i2Lfljj«JLl 
O-se j 1 a I I J is tj iCj^LaL*Jll (j-a (J-uxb JJLc aIJlJi-'Ji nU Ljl>- (jSLaj ««Llo.3» 

. <( «Ljjl_LiL>iJ 1 >> 3LjJ>J1 j^pLtfaA 

4 iil*i-»JU /. oUll <S-a-j1l CjVL*-o /»£ 4joUII CjUjJiiJI . Uj* , ,,j jao (JIlajj 
«uLj£ (^ thomas Kuhn j_j^ (j^Lo^j 4_a_i^j (_£JJ! i_^UlII lr Jliu 



(4) - 

■ JLtaj jj'a . the stmcture of Scientific Revolution 2 j I » II CjIjjIII 2_Lii)> 

. «2_jjjj Cjl^p£» x_o ((3_jjLu£.l» I Jj" uiLu] ^Jj-i d J 1 1** i>jLCl^.U(»3i»il j>kaJ 
(JjLtuil i_J_^»- JL>J,I »l olr (j-u pLta.1 4 j 1S1 I j^'a (JjSLj 4jjLl1£.VI (J^.lji,l (_y^ 

. LjjJI (J-l-3jlII ^ljJ.1 '"'IjJ • a2uj\j J^L>JI pl^jlj l I j" I ulj a (_ X^CJ (^-" ^ 1 j 1 1 

x_oj . r-jj-s-Ltl j I 2_^ loJul (jjLi-ul (J^>- liJjSLi jl CjVjLvuj (_dLui o_5^ *J 
( _ T jJI-r - Jij^-iJI ji 2_w Uill ojtjfc (J^L>- (j-a-(_pLvm (j a » J j J laJ iiJjJSjJI jJ^j-o 
«L>-j^- 4Jiu>J (^Lj (^^Jj ij-aVI i^^Li (^ LjLfeLa^J ("HiJ • '-•Jjj-u ^L-v C-J mjj 

7-Jj-«-i-!l Jl SJljI 1 nil 2^j t\itl ( ^j£, (j^jialjJI ^J^. (j\l».LJI JJLc LiJiAJ JjI^jJ 

JjJoJI ?-jjjiiII j^jjj .3jUJL>- d^j Uil jj^tjjjal Jt-cisj (_y3 (Jj^JLjjj i^LsJI 
x j i^a-j JLSj i3_aj| ... tl 2 jij (Aill ( JIi ^^a 2_iL>J,l julL 2 I'll ii^U J ua^l I -i j'a 
J1j^jc_o SJlJJlJsJI 2 j, U i II (-, 1 njlj . (Jjfl (_gj (j£, (J^l jjfcl^ilJI (_pa*J >J i "**' 
i±<--je-LJl (^ SJiJJls. 2_jjLu£.I 2_L^.jJ, jjjLjiVI (JjSLj I J is" jj , I glSjl ■ ■■! jljJLal 
(_gjLjJ_oj 4_4-l JljLII 2 jj U i 1 1 jl .^.il (j^j pljj jja^ia «_lLiJLi (JjSLjj t^oUII 

.SjljJl^JI 2_wt^;ll 
^VL^o^ jVjti^VI v^jLlU^ v^jLJT^ detail j! tUi«JI llIjjI Lojj^j 
ciiljji ?LLjJ (J_«_«-II (^1 (jjjl_«jtj l^£.jL-u mja£ aJi23 ^1 (_g'_iT jls 4_Lul^ 
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SjjjiJI 6ucJijUI (jajLnJ 

jLlcl (j£-<u <-dJ jjj t 2ril"-ie-a <jdVLx_o ^^s <t3j_»Ji,l JjiLilI general tools <LaLc 

«(»g I ila lozI tl£jJl» (j-o ■ i j a '«j-^ o>Jj^JI *l aJa-iVI ( _ T 3 t_jjejj| 
I_£JJI DENDRAL, Jia *_aljj_i «l_b (j-a (jji^-LJI «ul*J <_>ujJ JjI o^J 
4_oJ_£j (jl jj* t4 i a i a sej 1 1 4-ulxa.jSjl iliLaolatXI (j-o i_P'- a J^ Cr^- (J*"'"" 
ill La; I t t,l Jj.1 Jlj uJ\ dJJj J-^-jJJ . I JL>- 2 la &>\ ' Cjjl_? 4_j-3 JjJlJIJ JJsf 
ij_jj,l (JJLljI Li_& (j-oj , I ^j , ,, A"j L^ajLa-'i i n") (_yl!l *^^1 (_3-^ a "* i-aieal I 

(_yj-ll 3-jJVI (j-c 3_3jj(J,l SojcLs J '^ a t_ij^>-^j ^LaJI-TtjjjilILj-^^jjiLji^l 

j I JjI I JJo>J -I 
-SjjI^ILo 4_JjvC I gjjt-ula-l ( _ T ji (_y-^' ''Lh^* 1 ^' el UiVI s l_u 4-lLjjC cjJ Lajj 
j_ijiJI j»j-2jj • -JJL>JU JL>J,1 f. Ij-tA- jl»-I «_o Cil i nl-v Sjuc Lag incremental, 
.(JjLjiII (Jjv ^^3 I g < j"ij ^ylll ^J-^'j 'U'"^' lj-A (^ 4j3jjla 7-jjjU (JIj-ijijJI 
^JLl! (_jJj2l Sj_ll Lxjj Ljj-i2 ' A aJaJLa j-j£- 4-Hj^laj I Jufc <1>.j_<j/ ^J-Sj jJSj 
Li, SjjJuC CjL»jvIj_o ^Ijj>.u j j i se II 7-1 o i nil i_j^cjj .dJJjiJ aLjl!1 4_lo cjJ Laj 
» Uax | j itf^i 3." " (-3^1 *J_»jlII lilli ( _ T 3 lxj irc-au_>_JI (^ 4-Lhj aJ (ji JJ_>J 
ijUJii tc-jIs^-IJ .3JljJlj>. CiLaj I * a AJsLlalj i«LLjjLA JoLiiJ 4j^Laja CjI^-jjjloj 
jojJ JL3J . I frS-uIajJ <»3-Sj (_gjdl rt_au^jJI (2j£, <13jjlj,1 (Jjj-4-i (Jj-^3 (_yJI 4_>-L>Jl 
<_jjil£.l (_ T lII <-_lLajl»j,l (_yic (J-lLClU i«Ll!u 4JLvj_o ( _ T 3 (jj^i- 1 ^IjjieJ 3JI_*jjjjVI 
iJajjjU (JSLli ,yfj ill Laj Lull eJJt «_^3j3 (jl i-jJ^cJ I JjjJj •tli^'' J^hH*^' ** ' "^J. 1 
^Jj » — ■ --> T 1 ^a LaI irn^>j (_jjJI (Jj'o'il (JK i"ii Jig.LjiJj . LjJjjj/Ij^j ljJJ>!^^ (J^j i imI 

VIj i3_lL«J,I 3^jjlI,I JSLJo jiiejj (jl 'Sj_D ' a ^ o-°J i(_p»lj^. 2I Ju* •» j' a 1 3 -9 

iJljj_JI Jjn'miU ^1 LjjJaJ Ijlj .3j^oj_JI i^jLiil ^JjlS'11 i_l^imVl j_uj 
ijjj T^oljjJl oJJb *Ljjj pg 1 untl (Jjj^jjijJI ^IjjiJI (»j-2j (ji J-^JJJ (j' I ' ' > *l J 

. Cj Laj U 1,1 al olr 3ji£.Luu3 
gLa-la '." I 4^>-j"?U 4jJS-LgJI 4_ujJI 1-15 Js i". ( _ T 3 tc-c^jj.! jojj/jJI (Jjjsjj 
(jji_jjj .^_ljj>ij1 a Ua-lj 1 jt_a j1^>- *1^>>-| (j-* aJ^>" ' nil (jS_4-i (_^-^J i5^u>J1 

JJ^VI J< Mill X^l^Jl (^ eLiSLIj i7c_U3jIl J£L<jJI I jjfc ajLJ-'nn't (jl [jjjjuua 
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tjclVhmUl clSSJI 




aj^ji-i a , U;*\U ; 



vUjSai 1-15 jCi 



*_a (JjLjLLII (_J3 (j_aA-J 'Lj-H-lSjsJI *j Jj JaJ I (jj . aIJlJ-"ii iiVI (_^ LcjJ i"i 
^ iLtjjju^ JSL4JI ljui Jla JJ-uat JS <JLs- l5' (jt^J • JW 1 ^' (jr 3 Jrh 1 ^ 
L«_a . LiJl a-~, c L*-ujj>o 4-*-a^c-a 3.3j toll jl_a-a ^vil 3jLl£L SLLaJtXI Cj La j Lti, I 
3_3jjiJi,l jlj_a «_ iiDj (3^-° I I JJ • 'LaJ^La j^lC 2j IjI^'II «Lx_aj_J| J},/* 3 (J-* 1 ^ 
d i < nl_La «LjS_u_uMj lO-^' JL?-* 3 ^lj~I 0Jl^ ^^ C)_S^ i«Laiia_La 2 j ij t a ' tfjufc 
«LL-vj_a ^1 ^_aUj_JI J ua-j jl J>kaj UlL>.J .3j_uj>JI 3-aia '»! Jjj-Ia (j-a jiil 
<-, , ^" a I |j|- JljJ^J^. (j^Laj 1 l_j_L^ij_a ( _ > ^>L>JI 4_!Lx-a ^^3 ojlji I jj'« j-jIU-J 
ijJL^I 3_jJLjl3 4jI t-<~ V j - ■■ A 1 1 j^aLjjjJI ^^3 2_3jjJ,| SJlcLs r-l a 'j-^jjj i^aJI 
jJL-ol 3j^>-l (_ T i^. /T_aUj_JI (Jjjuij JlC. «L^L>- 5-aJiJr" 1 nil 3j£l jJI 1 J-Anllj 

. I qAc j^is (^-11 ^JJj (j-° 
J^JLL^yi 4-<JUa jj uuu -2 
aJJz-~ hi 1,1 p I La c j I r I j"j J a Sj-ijiJI 2 tx*>\l t 2_aLgJI Cil mil (j-a 



(Ji-lj CjUIj^vVI <_>-a-*J r-La^u dUj («JJJ .jy-aUj-JI " J jS, dJ » 4JaJ»J Ij_uju2J 
Lg-ajLa-"i 11I (_ 7 J-!1 3-3j-*Ji,l jlj-a (jlajJLJ CjIsIj^v^I eJJt j»J-2j tix;P" i/J-auj-JI 

ji 3_3jj(J,l f_j I r 7j_aLjj_jJI (_£jJL=e_JJ .«Lal£L>-'i/ Jj-ajjJI (^ j_uJ>JI aLLsJJI 

j-ijiJI LgSjJj Lai S^jjlXI Sjjj^s (jx. Ij-jj^ 1 dllsej 2 3jjj-o ^^3 oLaolaJtl 
: 3_lILL|I 3^jjlI,I SjLa ( _ J \r 7^_aL>j_JI (_£jlbej ' a3 ' i£j r^ii j 1 1 
uLciiA Q^J Jl2^ i4.fl-ut.Ua 4l>-jlj i«LlILc qJzjjX\ ij\js>- 'L>-jJ CjjLs lil » 

( _ t jJI «Lj-3L*JJ,I CjLvl'i" 1 nVI l _^sj^. 2tj j , ,,^1 jj^aLij-iil (jSLajj . <( I jjolaj 2 Li 

(j£lj /<J . lil (_yl»- iS.LAJk'i/l 3JLlLi 2 1 nil ojufcj .2jc_ujJI ^1 (Jjj^s^II L#j aLS 
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SjjjiJI 6ucJijUI ^jaiUflj 

J^cl i m j 4_J2 i(_3_«_«JI jj-^" SjjjS 'L>-j-i (_jJ^ ?y-"M>^l «LaJL<b mJ jJI y-l iJajVI 

/j_oLjj_jJI JlJlj jsJj . 5y_oLj^jJI ( _ T 3-«d2j aJi£. jI-4~l2j (O-ljJij (_ji^. ^jLa-"l I nil 

. 2j.}L»JI 7j_oIjjJI <_Ac.I jJ-jJ L*£ i Lj^ej-u Jijj-uI LSjJLu-a 

:j>JL»^1ui11 -3 
(J-&2 .3j_uj>JI 4-»laj at I #i_lj j2c 4_lLic CjIjLQ^.1 SJlc 3Lclj-a (j-o JjV 
^J3 Sj^jUla j I «L^_j_u£U t tlLaj m£ JJl ^-LjijfcJI j^jlG- SjL^l i nl pT^" (ji i tj*_j jji 

i*_i"ujj,l AjJI '»'''" jl (_jiSJ! j^jlolj-ol ^^3 J-^*" ** **• J ' ■" ' ' ?7^ LX ri lS^^ /»L*JI 
CjJjIqj 4-^L>- 4 jo it I py_ou^aJI I JL& i_pij ,_," '^■■•^i (_j-t! 4 i ajj a Jj^o (J_l3 
(jl i-t^-J IJ-^Jj .^yjl ir-i^i Mj-^' (3-° JU - ' "^ CT^" - 03^ "^ lS^' < -^i>" 

JL>J,I (_yi t_gj mi j II j_LjiJI «l j2 LijLIa j_ijiJI ^.oLJjjJI «lj| (_jjjjjla (jjSLj 

» )jL>oj CjI^jjv q o ' *-*" * (j|-( tj*j <Jj-^_l^>J1 ^_au^_iiJ (j^-4-JJ . (jA_uLx-£a^- 2l jj-* 

CjujJjJIj <_j~"£L!Li A\-r i i, a (jjS^J La IjJU Cj Laj U 1, 1 eJJbj ii\j-i2*J\ (j-O JJlC 

.JUJ.I IjLA ^j* IjLoLlJI 

2^jj<-a <-_) I i m'iSV (Jjji i nj 3j_LiiJI tLttia '»! ^j-ajLJ-" i mo (j-« O^ Pj- 1 i^lLiAj 

t J-i J aJj| ( _ T 3 (_uL>JI IJl^J (_^jju-4_L<iji*jJI CjIjJjlII ^) -^*_' L$J (_ 7 ""JI 3j_iaiJI 

5^_uj>ij1 ^ o la >^ I j^^- 4 - 1 l^P"l9 i-t <J -°L>Jl d U , ,.lj i ^jIajJI j^^- ) '"'^ jj-*^' 

I *'"^' ( _ t jJIj iaI la-jtJI ^ i aj *- 1 1 J » 1 j j -V 1 1 Sjjj^JI Cjlj-iiJI i la a -«- i (jl 
-" j v 'l ala. ^1 SjjLiJI ja^jlj^i- (_L3j (jjJ tVjji JlcL2jj LajJ^. 3jLc 

i2 j i iiLt-u? 2 K mi a (_,_& 3j_i_jJ>JI 2 n Ta *. V 1 ^^a 2^jj>J,I (Jj^-sj 2JSLiii^ j! 

iSJl^vIj «Lc.Lj_i-3 ( _ T i (j^-«-0 (JL?C_4J ^ SXjljJ I 2ijjJ,l ^«-^3J tl^--*- 1 La lj^Li£ 
(jil <_J j I pJ-^J ■ ta a. j I I iil» JiU 2_uj^tUlj 2 ^ jj i ,11 2ijj>Ji,l jlj^ i <tl ^ j'a 
j|j_a I i^jl t-iJI— L&J i« J )<-^>J (j-^-*- 1 ^ Jt-iSQJLl (jSLJj /T p^J (_L«i>JU (j-o 

Laf ir<iuu J ml i n~ tt (jjSlj (jil i2^^Lla I cixJL? I"i!» (JiLo 2jjIj^vVI 2^jjiJ,I 

£jjj| I Jui /j o i n_tj .« IjiSLii o jiijr J ml i m'iII (jjSLiS 2^^Lla j-±£- I Cj-iLSI il 

jjk 2ijj>J,l ^lj^ (j-a i±JL\II /a^-jiJIj Khowledge meta 2^jjJ,I «!jj Lo» (jJL'lI! 
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SjLcj .«jjr ju (ji^. ! (_gji>o» J!lo factual Khowl edge 3_L25LiL>J I <13j_»Ji,l 

JLcl aJLlI 2 ta i ulj J 3_3j_»J,l _j|j_a (j_o (j-dj'iM (j-lcjiJI j^C j_ujuJI (jj£j La 
^S mi *c_l*3^jj . 5jj> Mill «Lj_b d U . ui aj (±JLlJ1 pj-i-li t2>^ ^ ULJ '- <4 -'t! j * <: L ; ^>- Lj-J^ ' 

. <±Joll pj-JI S.ajjt^ (JrH-*- 1 il)'-"'^ fa4^La3l 7c>- jj Lx-yJ (j-^-lj^il (j^cj-JI 2_3j_»_a 

LuLLaj_>j J o mm » «lL«j>Ju 3-3 >j<1,I (Jjix-i (_y^- lA^L* - *^' ,-i- <1 ^ ^^-° 3^"'J a 

.3-15 (JS-<I/ (_y3 « jjjjj aJiJ^ljj'C i nj 1 1 jiLsol (j-° j_p /. i la » 1 1 




(jLlJI jlcIjJsj howledgebase 3ijj<Ji,l ji^ljja <>u ^^-uL^I (jj-"^' 6-*^ii 
3 j uijuJIj 3_l^_jJljJI Sijjdl jlj^s j -i i ajj Sijjill SJlcLs j! ^ database 

(jjjUL>JI /- o i nlj .CjuLlJI JlcIjJS L^la ^Jjtj jlSLj jl ^ljtj Lx-Lu «LuJ^tlIlj 
L«-Lu .lIiLJLlJI Ji£.IjJ3 /_^ «CjLJLu» 4^ jjlI,! Ji£.IjJ3 /_^ 2 ' i ■ >■"■ 1 1 CiLaj^jtlllj 
M^'L*- c *-^3-J ' ta • ~j J (_5-J-II .3 J I j II l*11j Sj-iai-JI -" lag] I (_^ ((CjuLlJ!)) ( _ T JJ>3 



182 



SjjjiJI 6ucJijUI ^jaiUflj 




■iy *j" = <r) J 3 



<L>LiL>- 'Lf- n j >i*^r ^ ■->■"'■ ' 



3-15 JSLi 



T-j-tisj 4^a_ii5lj (J_i i4 La-j uu JJ^-J-J (j-^-I' L?- i '-^'' (j-° '- j ' JlC - J^*-** i -^^J (j-° 

(_j.ll ^_ys\->- <t^-J_l l4_jjLLll CjljLlijVI 4-^-JJJ . (JLjCV^I (_)-a*J /_^ (j il o Mill 

jjLjlSjj ^IJs jjjj iS^uJkJI 4-aJaJ jI *-o (JjLtJI-(_p ( jjijJj- ( _ > iajLJ im uLuJ -I 
' kjua^Z (jl (j-SLs-i ^^ill (JSLuiII ojui i ^:^'i Buchanan and Duda l-iJ->J 

'•J}j-Is SJijlj 

.CjLa^mi (j_* «bi^t_xlDJ 3juL*_« 4_u£ fi-&£ V J ^ ' '"''" " ' 

1 a-LLLajJI -2 

.L-kaljJJ f<U3-23 -3 

.CjI Jl»J,Ij Sj^a-al (_)!>• ^j^.;"- ■"■"' a! /— jJaJI (j^* 1- Lalll (J!la ^^J"- ."."tl -4 

jl 3_jjLjj_^SL!I) jjljjJI (_p_a -1 ta i II t_yz-*-i ( _ T -3 JiJ-L.a-S-11 i_al m'i^I -5 

.iTjLajVl S^JljLa -6 
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Cj^LoIjl1,I (j-a IjrhP IJJ^ (j i ' '-"''*' L$JI (Jji i nil oJui ( _ T 3 4S^"miU 4 fl-i^aJlj 
SjLcj iA Vina '*'ljj i itdj ^1 I j ijQ ) Sj jj (_ 7 J-Jlj i «LL>- 1 Jill, I J «LtujLaji,l j-±£- 

. LLaJclI tLiIo^c (JJ^-J ^a 

4_ulS_al *_a tpjj iiill 3^113 (Jl^la « i _ 7 _2_Lflj>J 1 ^-^ijkjI)) -S^>-J (^-^' (j-* "* * 

(j-«Sj Vj . pj^ mi oil ^Iki^I r-ij^uJ! (j<-<jir>oj Juiil (jj^i-l ''j-^ 6 ^ 3Jl«"< nVl 
(^^Ij-a^L! «Lj£.jj_oj1,I «Q£jjla ^^a-MiLo ' _i La II (JLx-a ^to-^gj mi ill ^-laiJ! 3jJ3 
j-jj La ~ (_yJ-C <tjjjJs (j_a Jj (i— dS UI (j_o I g-j I r J j i ,-> -»J 1 (j-SLaj ^^JLllj) 
«Lc^_*oi_j (J_co^jJJ L^-a JLa-"< i u 1 ^_^_HJ 1 (( 4jLLuaJ I (J_l>-» 4J3^jt_aj d)LiJt_jj1^j_i_u V 1 
Ij-Su «U_i^la Sj_^>- Ji-^J (_t-^ «(J^>*jl 0jufc»j .7c_pe_x-£ij1 ^j^^-^ uuJI ^jJl 4_aIL»j 

-3jjL«JI j_lc. cIjVUJI J£j aUVI ^j.^tl S-laa^I (jjsj .<.("< 11 ^ jl»-jj La 

/y^l ia a»2il j—LjiJI (Jjijj .j_iaiJI (JjLaJ ^jlJl-flj Laj» (ji^-* *-° LJLc (_ 7 J-llj 

(ji l_ ^*j ^ylll Siliji'i/I 4j^.j^j /oi^. <_,!£. 4J^ jjiL^a 2K Mitt t_J ^1 SJL^La 

L#J ^ya-jj La-ilj i4_u-uLl3 jl A Vina *jjj JalLl dHuj/^l ojui tJjSi 2j i7-jia3 

. I j"U^M ^ jji » xLaj i "j (_ 7 jJ! (_>^lj^.'2l 
. Sj-jji-JI 4-aJaJ a I (^^ 2_ajLJ-**i i lit! i3jj(J,l |_gj"i i " a 3 j'>>« Lufc 7-jJajj -_>■ 

^aLJj_JI (j o i ajj VI <~I;U.^.VI t l£jJ| ,d«J SUaIjJI 3JUJI u& a$X\ (jj^a 

^yd t>-uS ^j o ' gaj * 2( Ij 4«Lc_lL_u A j olf ^j u i u] (_ r A^ JLujoiJ (jy^ll Cj Laj U 1, 1 ^$-ui 
jy_al_jj_i ^LILa » j La " i ■■ J 3 .«Lj_aj_iJI 31_lj>JI (jjLiv jl 4_l^jJlJI Cj Laj U 1,1 
i4j ■ '^**ll ^iaj^_x1 cULv (JILa Cjl^_tljj_a jLlI^. 2( 1 i _ T b Jl>-L) ^ji /yjJQJl ^j^agje '""it 
/T_aUj_JI J n" i"ij (jl jSjjJ ''"^ (3-° (J^^ llA^J • ^I>*Sj! Cjujij mi oil A\jua jI 
^^JLc, aj j^ll jj^ pjj (_gji=eJ» J l "" % " '^^y 1 SjLi^a S^ill » (Jila CjIjLi^. (_yi^. 
aI JLJ-"n nl 4_lSLaj V jl^'j-^" (j- cr^LsJI (JjjsJLs .«jji.T p^j (j-a ^ii^i (j^-j^L? 
jr_alj_jj| (j_a 4_ajLiII JLcv^ll » j^"" ""' (jl (_LaLJj tCjLajUU (j-a pJ-JI \j-& 
.Sj-uJ-JI L^iLaJLl 3ijjJ,l 3J£.L9 fj^ CjLa^mi aj-tb Jila i_ll iu, nl 
( _ 7 i^.-4jl JljJI jLla-CjLa^L(J,l joJLc (jjSLj ^1 l-cU .^jjj^l <ir mill tl_L> -J 
^^la. (jJJij i3j_lJ»JI JL»-a ^ 3j5jLiElxJi,l i-<l->IU.^l Ij ^IjijjilLi SjIjJ 
3-iIa i ill CjVL>J! (_L>J (JL>JLI J-±^>- ' J * ' ^*J (j^JI ^J-*^' Jj*" - i n~ (j-a (jS-ojJ 

,-iljU-^j iJLajii! «Luj<Lij/2I diljjiJJ,! (2>c S^SLa diLayUJ,! joJLc I jjt ^ La »j j 
JjLiiJ JL>JLI (^a 5_aj-^-"n,iU 3JjVl oL^ul^p^Vlj ,a^U;llj ^ x^-tl 
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i_j_ljjJLIIj iSjLc Sjl i"i~u 11VI jojJ t— i-p CjLojl*!,! (<sJL«J tciIojj Lo i^l i nil 
/j I c 4-j-j_LaJI Sjl i"i*i i nVl (<sJLj (jl ^ULo (jSL<4-i3 iCjuLioJI *-«-»■ «Li (&JJ (_£ JJI 

•.^LUI^iil 

.(^yij^J,! (j£, 4_u-uL-ul CjuLu - 
$(jiajjj.l foe. i.-nUU 2_JjVl .-.It^Mtl ^ La - 

. /_J JljJU .) ^^" UUJl - 

IJlx>- «l^i ^J^l 4Jr i n ill (j-il^o " D~J UdU *lr"3*' 3 V mill ^Jjlaj -_& 
/_i jj LaS I uai] j fllaj (j£J i L&jLb LgjJx. (j hi hLj (_7J-!I 3 J la 1 * 1 1 CjVLsJI <_^ 
( _ t jJI d-jJLJLsJI SLpJI (JiLiLA «L>-Ijj Lojti^. (JjI i ii U (_^>J ;*-aUj-JI CjIjJuS 
(_gj jlj—ciaJ I (j- T" J iaJ I i it j 1 4-j-La-a-Ll I CjVLsJI (jc Ij-Jji L-aJUJtJ La SjLc 
4j- i ii t (jJI ^j^l 4j- i ii ill (j-o (JL2jj^L! py_oUj_JI (^ 2_oL* CjIj_uju ilj-»-l 

tcjjIojj (_jJI i_2Jl$j (_£jJl>- «L-uIj.} ^jse-^h (jjjal slj- i nill jLp£.l (j£L«-!j 
JLjla ^^3 2 j l a l a -»" 1 1 3_3jj<J,I (j-o lj^u£ IjJ^ aJlJ-"h ii_i 7j_oLjjJ 3jLj£ 3_ul£Lal 

cjLjI (j£Lx-i ij^wiil prototype r JjjuJI ^1 Jlc! J-*jj . La i_ajufc (J^iSt'I JJ^" 

7-Lj>0 JlJL-I-j^LjJI i ^ . I U " 1 I jjjSLjJ l^l I ill, I (j-° -SJlC (_y^ 'Qj^-L? 1 ^>->^*-l 

i _ T Juu « Ll*_j_lLd » ^_«Uj_aJ1 (Jjl>.j .« UJjdj « I j * j i la )) 4-al Jlst" t nl (JjL>--cU^?tjJl 
jia < JLlaJ,! ^^jLcujVI jl^til MjLxjO jr_aUj_Jlj AjJsr~ i nl,l (j-u jl^>JI (_Lv>- 
4J3^Lc 4"l*ii i.a (jjS-J (jlj i4_lJj_oj ^ 2 i "~ a 4-2j^iiJ A'[ i (( nl 5^oUjjJ! 'La-JJ (jl 
«u_u_ui (J^ i ii 1 1 1 ^_Li>J1 «L>»^j La l^-J^J (jl ^jJJ (jl LlA Jjiit, 1 (j-^J .p^x^s^JlL) 

2 1*; mV| o Jlj* JiLo (_LSL.ij (jSLij idisejJI jus 5Jt , iitLi L$J j^iLus 3^>Lc V 

i aj '^>"j (jl ^oujjil (jSLx-iJ tCiLajUU (JjLpJ (JLcajVlj jljj>JI (j^ Uj->- 

(It (_lLjv ^1 (j-«» J«_ciD^J (_ 7 ^-Il dlu n^l (jl (_^-tJU (I U^J)) ^_aU^_J1 (JJL>-J .(JllXL) 

liLjjLjLiLaJI dJiill (J| (JjSj La i_j^J3lj i 2 a j j a a ''-•-^'J "i^tiislj (jj^j (j! i_* 
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LaS . LvjjIoj _>-^ ' /j'ntl (J-*^! 4_j£Lual 4 I'll iii jl Tj-uj S^uiol «Lul£Lal *_a 
tSj ii i"ii jl !Jl>- Sj .^"-^ ^ (jj^[j Vlj ^Lxjlolj 5T_aUj_JI 3-iL>-l OJ^ 0' t T x:: ?i 
4 ? U" 1, 1 tLfl^jJI <LxuE*I| (J-u^LolUI 3Lclj_a aJls-" i ii U (j-a /j_aLJ^jJI C-J ^-~'_' Vlj 
(_, I r JaJLiiaJLi j U , „ J^ ^.L^jl ^1 ^llLa flj La i iaj jL^ ijL^jsJI a! JlJ-"i i hLi 
Ij-ioi- aJLJt" i ii U (jjSj (jl /^oUjjJ! c-J LajJ Vlj iTc-uLHI «L>-j1j (j\jua t-LliLo 

5_l.'c-l-iJ1 uii I Jl^. jJ Li jJIju (jl (jSLxj (JjI i nil objt Jjas -(_j-WI < .< < nL>Jl <_,£ 

. interface modules 
(_, I r 4-£j I i n I Cilj j i n aJJ -I La c I ^ I r lj.}L9 7^_aLijjJI jj^J (jl i_u*jij 
4_ljv^jJ ««Ul3|j.}» tc-j-iIojj (_,i^. Ij-iLa (jjSLj (jl t_*^=J 2jL3 nj^Jjl (j^jj" i ii a 
(jo-S-J (jl <-;-^=-J Lljljj i <l LitAi jl (JjLxj La ->JlJ-"i i noil (j^-JJ Ij^JJ JljjjJI 
4_i^sL>- 4jo itl (j-GjjJJjJ! (j-GL^Jj (j aLa-ll I aj -iS aj daa. tcj-iIojj (_jl£. Ij-5L9 
- I La c I j 1 4je-L.ie.ca 'LSj^Laj (J-ftJiJ «LJT (_y3 aJlJ-"ii nil sLSIlI /t_aUjjJI i^imS (_y3 
jr_alj_jj| (j a » ' j aj jj . dltjj «L>-L>JI iZ*£..i Ijl ojJii! Ajiir" moll 4_uo^i!l 
^1V^' (j^-a-i (_t^>- /7-a^J>^J ^*" Si 2j h (J^Jb i n**<l aJl?-"( i noil 4_i-iD^_iij1 «LajJ£U,1 
CjLvl^Ilal (j^jCjIjLalbVI aJJt 7-j[_p3j . (j^>-V (JjJSj (^ jLjj Lgj i ulj >?y aUj ill 
Laa£. J^a 4-ajLj>" i nil J^I^JijI j^«'' jJLl jl ^_au^_JI a! Jl^"k nl £jb (ji i usejj 
(JjI i ill, I (J£L1 Jj-r i n"n j-Lia» ALLaj (_p Ja ajaeJ jl l - r ^^ L^P" 'J ' *''*'•"' ^JlLalj 
(<u . «Lj! jl (j1_tu^o (J^-* 3 ^jj/IjJj 4JL»£. r ' naa-.] (_y3 JijLflJ Lx-a ''Lj-IJ C^l>- J (j^JI 
(_pl i ii 1,1 jLoHi-Lj aLj^II (-'"yJ 7j_aLij_JI (_yJI SjjJL>- (j\jl^ S^LUal JtJl^. 4JI 

Jljjj V L4JI ,j_a jL^oil r-L*jj (JjLuJI (^a j^Li <tll L^>JLc ^,111 S^jjiill 

SJj^Ls 5_pAl ^^ I iLa Laz\ *L?jJI (^Lc Jiil .^iai>JI ALujfcLi Jal ^"^Vl -j 
in iiLaJJ (j$-a-i La^. («-^3l *Lc}! (_y3 I^JLJLi (jj JJI (j-UjLflill (J-CL>-Ll1I CjI^jJj qm 

(_^jjl Jijl 1 11 II i'l mi II u \c i—Axjl\ i—ujcjj JJUL&21 1 JLa'i/l (^ 4j AJ-2j (jl 

i^Ljl^ J-a-»J 4jT u^-jj J?- '^ prototye r-ij-a-i-! p-£j-^j j^~~* L*ili (jx. (a^>o 

j-iaiKJI Qjuj^sdjuaij . ZLjLoVI iLflljukl LaLaJiJjLLaj V <GljUol C^jl^ I jl (^oa. 
(_y^ (_p-aj 4_caL>JI "j J S, fl ~ jj-^ 3 ^)^*.' L?>i LaJiJl^. ^.aUjjJI (_y3 i-Llj" miU 
3JL^ljJI 3_lI2jJI JjI mil jLjuI js^II £yl iC^aJI (j-oiJ ^yflj .3JVI ^yfl JUJI 
I ij I La a (j ih!^ ij_uj>JI (j£, 7tJI . ..«L?c-ajjJI CjUlIj Jj< .""ill -1 la h 5-2Ll1I I 
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(jo^Lj (jl p~ se t La JL>-^J Ji LaS t^J jl t (j_uL>J1 ^^ U L iLi Ia 7c_u^aj (jl 4_La 

i_ija_j ijlj^.'^l *_j_ajv (j^J . SjjiJI JLca (_y3 !^>^i- (_5-!^l i.i nL>Jl /<sJLc 
*->-jJi La S^LtS u>j_iSLflj 4-2jjJ3 ( _ T 3 /j 2 La * a j j i *•» 3 C-u-i iU^-uJJI jLSjjI aJlC 
sU'i/ ,,U5'a L^-iiLLi (jj£Lj La LJLcj Jj i4 i "■"''' JL>J,I SjLjLiLs ^1 j j ■ a 2 1 1 I jufc 
^jLvojVl^iaiJ! » U~ . aj >aJ jjSii"ll CjulaX. (_j£ Ciljlaa. 3ji£. ( _ T jLJeJ (jl (jS-aj 

. I J se j i ajj al I j'al .'l.'.O 
JlJLs . q doZcac rt ^>>-J SJlC (j_a lLII!} ^cHj (jl (jj--aj *^-*l>-^' (^-iJ-^J "(J 
4^caUjJ icj-<-u (jl (j^-JJ (jl i— SJl^j (_£ jJI ioLaal*Jtl joJLc jjkj 4^>-J ( _ > A3LuJ 
fj < 2j ' '■',' (_^ ^_au^_J1 (^^-ajija-" i n a «_a t^£jj>. 2] ^-al^jjl «Lc^j_u l dJLila *-Lp 
3-ij-^- CiTl-lJ I j! ( _ r ls>-j . LaLa-l 4 ij I" ^e_a j_uL»-a jis^JjJ (j2 ii_ul^>- SJlC (j-a 
*ljl_i 4jlj| SJjLLa JLaivl Lajl-i (JlaJ <|_£_^».2(l 5T_alj_JL «QjjL2xj ;*-aUj_JI 
t a i imI jjj jJI ^_auj_Ajl (_ J -aJij>"< i n! (jS-aj i(_£^>-i 4_l>-u (j-aj * ^^ i ii i I 1 >-u -^J 1 
N j "■ (j-u-J 4J2 jl 4-al Jiir'u hI 2 ij . , ,-, t ^_aUj_JI I j, ' aHij (jl CjLaal»_a ?ljji». 
Jl^j /<sJ iaJJI j^Ialj-al Q-ajLJc Jul MYCIN 7j_aLjj_l 3JLv (_y3j -" ^flJI (_,lr 
VI . JLa>U Luie-a I jufc (jl£ JlSj i^jVI eLsejLlJ (jjj i ta £a '/JS^jjju «Ij_iJ>JI 

Lb^JI ^iLjUl ^j-a ^ ^ijV ,^ ,-T (7) V.L. Yu aL# *te ^1 4-JLUI cjLjLSJH <jl 

l_gj.ll (j^ajitJuiJI J-^-jlj LaJ_t£. lilli (j-a j-j^I ( j'-'"' <-2JLu* (j£Lj /<sJ «LJI Cjj^Ja ? 
slj'iil (jLS L*UjJj .(_Jjj>.| 4cjjiJ^a ^ La i ulaj sljjiJI (j^ 4^.j^iJ^a «U Cj^La 
(jjijjj «Ijjj>JI (j^j ,3'-^V J^P i^' JlJl ^ <: ^ E T!-'- 1 J-* F?- ^-^ Lj^-ikLli ' fl-tJ Jajl 

.43l!i /j_aUj_JI (_y3 (_Lui3 jl j i j i a 2 1 
."iVI-.!! j .^.^ -ij^?- (j-° I JjiJ+'^^qI iSj ''i'. 1 ^ J-f^^V ??- H>^' 3-JjLia (jl 
i . i as J Vjl :t_il i i ill SJljlJ dJJij I i J ' a (JSLI 4joHI t-LjcJJI 4 j i n t y-ljja-"n nlj 

(j^SLi (jl (_^i i«l_j_1£. (j aj ^j 7 t — i p t- i ^p ^^^ '"•" 4-mL2JiI ^-xls^-a »ji) j/L^tU (j^S_i 

3JU. ^ >Hai iLg-La J^jj^agje 1S1J J33. JL>J.I *l>p- (_U>3 (jjj f-U^-l i-L!Lufc 
(j^Laj La (_L? (JJ-SLj i3_jjj_JI |_£jji]| 1 " ' I ta se a ^yfl pj^^JI 31ai>J,l Cjjl^j>JI 
.dJijjijtA Cj^Ltcjji L^J (_yJ-Ilj i^Lt^ CjlSj ct-^' CjjIjjsJI SLsLca jjb Q-La£ 
(JLla ^^l^- 1 (_j-3 I J J ' a "*" " 'Ljj Cs-^J W )»*i<t"ij Sj_La ^.aujjil (JJ^J J^ Lukj 
(_yj| ^j-^^"' iSuJI (Jr 3 oJjjj Ji^ «L«jj/Ij 4_uiL>- (_gj mi j II j j 1 V 1 1 (j^SLj La-Lu 1 J JLc 
(jl J jJ3 Lxja La. Ijl 1 11 a > j"j Jl^ ^^JLlILj iJL>JLI (jl Laj /TjL>- CjLUsIjU^I 
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J-lji-JI ->l t\'itl S^LflS (j-lj «Lj£.JJ^3jJ,l 3jjLSj,l 3jJJ(J-3 <_jLu-ul (j-*^ I lj_ji-lj 

(_gjjlij ila-j i "j (J^L>- (j-a Cj La j LtX I (_ 7 1^. J i*a->« i (_j-&J i t_gj uioJ I t-uJell <1>-Lm 
3- .' L?-"' ^LajUU (Ji^Ijj Jl3 (Jj i^ K mi <ilt Lj£.j_il3^a I a-i^aj Lgjiaju 2 JLS 

jL>J ^-OUjjJI XuUS^JS (_gj Mljtl J_L^>JI *-l^3J ^Jj . 4j-aL>JI "LjJlJJ «G|j_Uju2JJ 

. I j^'a J fl<_i i ii (_yltl <&jILU ^-lC. i SaUaJI i _* 1 1 aJ (jj) LaJI (jc 

dJJj (^ mJjj^ 3-«-l3 Cj|j Sj^ti-JI 2 Q-IajVl L^lS jjSj (^jJI iliVLjJ.1 jj 

(J[) mi > wi-i-^. SJl^I i n a i i I la ,c_jj>o «l^»jjj (Jj>J1 cL^Lola I fci3 * i m"m (_ 7 ^j1 

. <tej"iMitl Cji i nl-»JI (j-o JJi£. (j^CjLa^Ltl,! (<sJLtJ AjvLLo «Gj_ii-j «G£jjla (Jjua_J 
4-aJa-il py_olj_i sL L> (j^LflJ.1 (j-° 4jT J-^-J 4 IjI^j ^ laj i aJ CjVL>- (_>AjtJ (_y3j 

. (j ill C Jt-j-uLjJI J ' — ■ A 1 1 j_Laj|) S^j^jla (J^i>- L^J CjVLvJ sliiLal £yA Sj-loi- 

«Q2jjJo {j£. {£j mi i 1 1 ^_Li>J1 ( J1Jj_u- t jL : L>. ^1 -" ^ * ti /. '^-jZj^J ' ga J I (j-« tJL5^- 1 J 
I j . , ,,"sl (_jj| i " ^ » ' i a 1 1 ( J t l>-))J i L^-aJLa-"i i ii J (_ylH 4_i5Ejjl^pjj/Vlj ijJ^JtJI ( _ T 3 
. L$J LSjJl^ ^Lj-a-^l ><U3J-a ( _ T 3 ij_9^ * Lr^'j • SjjiJI (_J^Li- (j-o LjjajjjJ 
^1 JL>J,I j-±p- (j-o <13jj<Ji.l Jjij Vj? joILj^ '.(j-\iL-vj_a f_j\c- L*U!i /<uj Lo SjLcj 
j Lajl) gGljijr"ii ill .jljj.1 7j_aLjjjJI ^jJI CjLo^LlII joJLc ,j-o joj iCjLaji«Ji,l /oJLc 

.(4-15 jSLi 

^_j^ » ' i_2jLjtJ jl i3_3jj(Jll jlj_a ^_)^ « ' (JLj>J,I j_lj^>- (_, iliiej Lo S^Lcj 
LlxjjJiJ I j A ,':."<^j tl Jj| i ntl (J^. (_^ yjSLjjJl <Ul*g ( _ T 3 I j » _■"_' (_jjJI <-H-> I aJaJJI 
^^lllj liilaLiJI jLC.l_a.2JI jj'-*.' (_JL>JLl J-i+z- (_j la *_' J^ Lfl^ .CjLo^JjlI.1 /oJLc 
-(_3_^3JJLtl jt_oIj_J (- i La » 1 1 SjijLaJI tjj^-* ' LlAj • ^^ Lflj^ 7" "** ' '"*"' O' t T x:: ?i 
Ji^.1 1 n't L^J^-data acquisition programs-uliLiLLitl <_jLcuj^I j^oIjj 3jLc ^ a . ujj 
(j.3 «.J_JI J_i-3 tj-I^- ' JL^JI (j^a 3_3jjJ,I SJl^Ls fjz .-lU-^Vl i a ■'■■< l ^lc 
i'iI m*i i hIj 5jL»JI oJl^J CjjJljsjjj/I ^IjjI jj-otj_> Sjx. liJLuij i/y_oujjJI jLpi-l 

.Sj.ijJ'J! 4-o-LaJ a I (_>^*J /_^ 
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ijj-\ jii ^f^-y^ p—j 4-15 j5Li 



( _ T i«j sLa-cblj ic.Lu-3 aIJlJ-"ii iiU S^jjlI,! JlcljJS 4jL>-lj-a Ja-i i "j" ^^&i^ 

(8) 
(_jj 1 1 n (ji^- ROSIE jubjj (_3-^ • '*-4-»- £ ^ c - a >J ^*J (j- (jSL«jij sL>-L>JI j^c 

j_A L<tS '^ J at— j ■ La 11 4 i 111 4 i luj ^ *J'^' - ' tlA-ilj-SJI (j^ J^hf-*^' (l^-*- 1 '(JUI 

: d-L>-l"inU CjI oKII C^j>o I Laa» » La ' l!j-l>- ^Lxll (JOXLi tc_l^j^ 

JjJLij aLLaJ i_l!I_l& ^K Ijl 






PROMH tio. aJLo 



'J 



Jji mi'iII a 1 La J p^j 
(al LaJLll-fjj " a 1 La ' jji I jufc») 



Oici^XI 



eLlj 

^•"< i"< i n t 

J^ujl 



0->J 
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4_«JJ1_1 (_)-«-»• JljJjjJ I J ' "*' (j1_lljiL! ^^ii-ljJI (JjiuljJI a! JlJt'ii ill (j^LaJJ 

JLj>J,I j_lj^>J 4 1 1 11 it u Ajus[s>- ,2 ^j j A ^ j iLxjiolj dD j I 3^*7~^3 d j*j; 

'.CjLajUU »l air (j-a 03^ • J ° 'j- 5 " l_£J-" 

SJlIj ^LU! j£LiJ! JLi/tJ EMYCIN ^ LkJ ^ Sj^LSJ! ^U oJJjJ 

(( i ' ' IM I » 

PREMISE: (SAND (SAME CNTXT AGE ADULT) 

(SAME CNTXT LEAVES-YELLOWING) 

(SAME CNTXT STEM-COLOR- ABNORMAL) 

ACTION: (CONLUDE CNTXT DIAGNOSTIC TALLY ((FU SAR IOSE 
400 

(VERTICILLIOSE 400)))) 
(jl£ I jl : LiLijLA (j£, j-l.lCl11 sLlIllII (Jju>J! aJjj tjSLa-i SjlcIJlII aJJt tj-aj 

j-±£- ^\-uj1\ (jjj (jl£ liilj '(J'jj'^' ' Lr^ J l>^ J - a ' t-LlLuiJ Laj^su CjLtlll «j-4£.» 

FUSAROISE (0.4) VERTICILLIOSE (0.4) 
DATA-CjLJLj_JI c_jI in'^l J-aljJ (j-fl (_Jj-i.2?l 3_al_^J| .-.I * .^ II ,j-aj 
-■■N " ' "" " >-al ,^"<l ^^,1^ U3jo2 (^a ACQUISI TION PROGRAMS 
(jl j_i_^>JI (_, 1 r J < i" 1 nil ,j-o (j .nig < Ji£.ljji!lj (jijlji!l /_i i "'I '^al illlj 
Sj^cLJS 7j_aLJj_jJI ^^-S (jl (_, 1 11 jj 7j_oLjjjJI ^1 3JjJl>- 3JlC.LJ3 itaLcbl JJ^J 
Lai x-Jj-lm jlj-S ilitjl t_*^=J lill i 1— 3 1 mi"iS| Jii£.j iSJjjla 3^3 j_La «L#jLika 
;y_aLJj_i t> 1 I— > "i 1 11 'j . 3 J_iJl_>- 3JlX.ULi I 1 jll Lp 1 "I »l 1 ■ 1 j *" 3Jls-I 3 i_2Ji^e-i 
:Jla 4£jLilU OilI^J! ^Li^l Mia EMYCIN 
•O" Cpi L r l J ^ CiJl^l il I -3ji£.Ls 

(j_a 2 ga>a a 3JL-uj ojuij ' I uaj? T-S^XcL^ ■ U 1S1 " 2-3JlX.LJ3 <-.U ,Vi LaJSLa 
.dill iVitl Ijuk^iaiJ 2JSL.HI O jui ^ j-iSLfllil 0^:j6 AjitlxJl! ul\ £-aLjj_JI 

Metaknowledge <Wj*AI *f j§ U 

S-bj < II (ju !_gj"i 1 11 a (_j-&J i((3_3jjiil (J^>- 43jJlil» <i2j-»Jll *ljj LaJ Juua^l 
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SjjjiJI 6ucJijUI (jajLnJ 

^^3 (j-tlaL*JI (j-o J-±& a! JLa-"c i lit (_yJI <13j-»Ji,l tljj La (Jji-^J S-i^Ji-i^s uiol JLSj 

(jjSi j^j . L fjji.'i/i s^jjlHI pi^Ji (_y3 5-ajLJ-". ii u (jjiuiii jj-k (j "^'* JL>ju 

(jl ■*■ ' >*" i IjkSLAj *^>- > -' p^"" ■"■ 4J3j_*_a I J i "-i * i _ 7 _A La (Wtaie ■"■ «L3jJt_a *'jj La 
. (_£j I_lj-»- I CiLjj" i ii II .ij^c (jfj !(_, j i ii t aj) (jna jjfc S^jjlII «'jJ La Aj^iia 
S^jjlaII « <tol.il » 4_iLlaj La jr_aUj_i ( _ T 3 <13j_»Ji,t sljj La CjLjj'h u a ^^JLc I Q^jj 

:<\JLiJI J^\j21\ ^1 jJallla 
oJlj* Cj JL»-i 2ji Jlj>- iCjLjvi "i i"i i ill SJlX. (_^^La-"i i ul (j^La-i LaA^ I -a 

.CjLvLLlL-uVI 
. CjLiJlII joJLc £}£, I'm i"' /J-aLlj-JI i_2j_*j V 2-a 
. Ijjjlajb/I (j^jiejiij JlizIjJS Vjl JjL>. i«Ll<i J.^AII ^jL? lil 3-a 
^-aL>j_JI i La flj sej La jjL) 4J2 < I -a pjj (j-a <t3j_»_a (_yl^. 'LLiia jr_alj_i (_£ji>u 

( _ 3 .a aJlJt'i i ul ^La 2-a pjj (j_a 3_3j_»_ll Lai .r-l" i"u nVl j\ 3jl^.LSJI ?cjjLLi 

V sLuLjcj^I <i3jj<Ji,l aIJlJ-"ii ill S^Lc UJ I ' '""V ??-'* v - ^' ^1 v^" 1 (j^ iX-alj_J! 

V Jj SJLjia S-ajLa J-aLijj (_£? Ul^«j tPil fLuiVl 3-ajLa (jl U£ t3 nlmtl 
-a (JILa 3Jl^L9 /yxlaJ I ^j^-»- uuil Lse_au^J ^j o i Saj ) £)] (^A-a-i ^-^"'J * <: ^^ 



X-L4 



^QjLi^sI (JLoivl i ii\ * jq i ( _ > Iuij^j ( _ > iaj^J,l (jl£ I il » 3jl<zL9 i_gj" i u a (j-uiLi (_,^Lc 3 

(Jj-aj l_a^ i3^j=_lUJI (j la «J V L$j? (^ ' kjgjej dlli *_a 4_cSLIj i« Ij'ijUWU 

. JlcJjJl!! (jgj^J 4j (Ojj L»jj^3 4ial i nil 7-^IL2j I j IS Ij itU^a-iJe "~<tl JlcIjJLJI 

. 1 j , ..* i ^^ '^^^ uuJI J^JjJLJI ^ya <* J rt j o c ^jI ^gj"i i n a ^jl^. Q5^J I J^-JJ 

3-j^Lj (j^ JL>JL! j j j a. L^xto »j (_jiJI 3^jjlI.I j-^j ia 3t^' jLl*il ij- ^ 
heuristic 3_ljj^>o 43jjlaj Factual knowledge, (JjLJLsJI S^jjla .CjLj^Ix^a 
(j-a-^yJLLlI JLiil 7c_cb^jj .metaknowledge S^jjlI! «Ijj Laj Knowledge, 

. «LiLL>JJ «L3jju,1 CjLjj" i n a . - ( Jj j p_J1 Ll>-^j^_l>. 

.Caboniferous precedes pemian :^ilLfiftJt 4£j*4 

(j_ai igraptooliths u Ir (_gjJL>o 3_2Ja_La l1iJl»-j Ii! .3_uj^tlll 43jjlII 

.Ordovician jl Silurian (jjSi (j' J-a^J.! 
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tjclVhmUl *lSiJI 

j uajJ jjjjj 2 aJaJLa ^^3 graptolithis^^vjJj-LjsJI Jl^-j lit JJlj<3 (j? (2>SUj 
j^ljiU La£j ijj>-V (_yjj._jJa.ia. (j-o <_aJ_LJtj __)! ___£Lajj . SjSjjlII .ilj^ a1jLJ-"h 11I 

. 2AhA.t| tiiU^mi j^Li-al (j j <m Ml 

cLcoLa. tSjLjjL^. «L*2_Lj^e_a CjLjj" 1 na (__4^- «L3_>_*JJ (J_u_4-l t£)JH i^J\ (J-«J 

. JlcIjJL!! <_aVT __,lr (_gjllj>o jJs (j^JI Ij^>- Sj^uSLII _*-alj_JI f-^i ^^ 



Tools and formalism for expert systems. 

f-^aJ l__j_al JljJt" 1 ill __>Sjjj '^"J-^ CjUlI 3_ui i_i]LL& 
jUtill aJJb < ■ ■• 2j Jjjbv ^^Jj L»-i3a i3__>_ljj>JI *< aJajVL 
: 5-oJlJt" 1 nil S-Laja-Ul JLd 1 a-SAJ L2J3J 
Lflqla ^ a u a a 3j_uj>JI <J ^jau S-aJiJ-'n nil dj_=-ojjJI CjULI I - I 5 JjJl>- 

• 2 j 2 La ' 1 1 J c I j 2 1 1 
JjVI (_g j~ iiit .l jt-i'n -I 



3_ajjJ,l Jl^IjJs 3_c. 

iaI ml? 3Ji^Lj ____!! l 



Language 

PLANNER 

PROLOG 



SNARK 

FOL 

TANGO 

EMYCIN 

OPS 

EXPERT 



Author(s) 
Hewitt (11) 
Rousse(12) 
Colmerauer (13) 
Warren (14) 
Lauriere(15) 
Weyhrauch(16) 
Cordier(13) 



Place 

MIT 

Marseille 

Marseille 

Edinburgh 

ParisVI 

Stanford 

Orsay 



Production Rules 4_u>.LijVl ji£l_jJiJ1 -2 
Van Melle(9) Stanford 

Forgy(17) Carnegie-Mellon 

Weiss(18) Rutgers 
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SjjjiJI 6jcJajUI ^jaiUflj 



KAS 


Reboh(19) 


SRI-Int. 


RAINBOW 


Hollander(20) 


IBM Palo Alto 


ARGOS-II 


Farreny(21) 


Toulouse 



L.LSLJI .S-JVjJ! oK.^.tl -3 











Language 


Author(s) 




Place 


KRL 


Bobrow, Winograd(22) 


Xerox PARC 


OWL 


Szolovits(23) 




MIT 


UMTS 


Stefik(24) 




Stanford 


FRL 


Roberts(25) 




MIT 


AIMDS 


Sridharan(26) 




Rutgers 


KLONE 


Brachman(27) 




BRN 


ORBIT 


Steels(28) 




Schlumberger 


HPRL 


Rosenburg(29) 




Hewlett-Packard 


LOOPS 


Bobrow, Stefik(32) Xerox 


PARC 


KEE 


Kehler(33) 




IntelliCorp 



4-aIa-iVI jr_olj_i ( _ T 3 ^ i in'jjj'l jjj 



«1UI 6jma1I ^Ja-at j§-w «*$) 

LsJJlC. I Jo. VL«3 Q^Sj MYCIN Jla«Uj^.2LiJl>J,ljjkl_^tJI (j-U LAJ^-JJ 
t^y£. CjLo^l*_« j^ 1 "^" * jl t(j\Jt_a ^j^~» ■"■" ) La ^al^Cl lLdLujL) (J I a i nil J) U*H 

Vj .3_jj_ojJI SjjjJ! ^^.a t-Jill jjJj (J^L^^' cr^ *Lfl>»-a lS? j? ,.Ul->-,ll 

jjl^v^/l iJ7 ^ 7t_iJt_L£aj1 ^j^ - "" ,""11 ^J| ( J_c£3^lI1 ^ya ^_au^J1 ^j a a i ! I I J-& *_L$j 
lil I JjJ_Ju I j i j i a a j J La-i 4_cSL!j i ( _ T jio^a J'v <~,\ z^jjlu JSjj i uj ti^p- 4jjL«JI 
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tjclVhmUl *lSiJI 

4 nl"--»J,l u^s^jji}\ (j-u ( _ > ii3LuJI (J^- tjS^Q-i 2j . /^oUj_JI (_ 7 1^. (_gj mm II j-iaiJI 

.Sii^till SjjfcUiJI t-jLu-u^ 
4-3. I^J LoJiJt£. * 1 _i*^? 1 ^^3 7j_oLjj_iJI jjj&Jijj ..?|j2?l L ^°> *-}j i nil jjjijCjl 

rl" u i "V «common sense /njlmll (j^uJIo *1 oj-'khI ^^ ^olJjjJI SjJiJs aJjJ 
jicl -1 j a j j-^' 3-aLc j A aj Sjjus j mmII diLu i-«-Lu . ^ L^al III cjLjLlJI 

ijjjijilj jo-A*l.}l (jl *_o (_Ji3ljJ,l L*il3 *_o (J-oLjuJI (j-o dllj -i J IS i ij .(Jjl i noil 

.<>ltbJI dJJj ^ i^iS"! cJljj (^SMj 
2_l*-laLiJI SJiill "j a 2 K mi a J 1^3 V . Sj^laia j-ji. Jl^p ^ 4_i_LljJI Cj^Li^jJI 

(J-* tJ' s '^J^> "'noil «L-)JJt^D j' 1 -^" ^S ill 1 l_C_4 i( tj_uL>J1 ^i^. 5^-j I "^ 

J JJ Cj- 3 aJullL! sLjejjj (_*j^JLll J;*"" "I I f_^ x-Uo^JI IjLjfc ( j- CUJ>,J (J 1* '"■X I 
.CjULJI Jl^IjjJ SjjLjialaJI SJLlJLi Sj-LiJI j-olj-JI 
CjLi_-^_ljIj "i i nVI ^1 (J-J-3 (j_o (J-J-3 JlJL! ■ 4_i_-y_u \jlu^i V I (JjJjij Sjjju^s 
^ J 3 I Jlj* f_j\c j i2j*-oj_lo Lul^ ^^jfc 23jjlU 3ji£.LJ3 j_ujii3 (^ 2-aJiitj-uiJi,l 

3j_iiJI (j-o *j^>- (JijLi^ejjI^IjjiVI ojui (_y3 (j-«SLj (3^-!j ''^L^ 3 *! ^■i , j. 1 ^ 1 , — i <^ 

Lfc^jjisjj L^JjJiju (jjSj (_j^>- «Ll>-L1JVI JlcIjJlJI 3Ja ■ ulaj (J5-4-! (jl J i a dJ (_yill 

^,-3 mata-rules j_clj_2_JI *ljj La aljiii- " ml (jLS" jJsj 2 jj j ■ ■■ j * <? 

.oUoVI lJUfc w a-.-.ljU^ 1^.03 (j? '.•T.'-' ; J U ^ (30)TIRESIAS £-«LJj_> 

(- I C 3_J^1_C J-J-C 3jjL^_a ^1 i ii l^Ll (jl . Jl^-Ij f-j-1 (j-a (JjijJ (JVjiljj/VI 
Ijl^J LS^j 4_fljLLJe_o (JljLi3=_ul^lij/l aI Jiir'u nlj i JIjLjiJI (_a3jJl,l x_o (jj3ljjJ! 




.iiLli ^^jCLuij ^jJUI 3_^,UJI cjVUJI ^ SjLuII L^jUIj^vI 

( _ T ic /S-^ijJU ^j^J. 2jJ_>3 CjIjI^3 jUtjl jJ^Jj Ml J 1 1 «lj-^>JI (j ^J J I j^SIxjj 

(_y3 j j ' * *_* L«S LijLji>-lj Cjuio 1^113 VI )«-^3j «LlL«j>J *^till ^1 3JL>JI ojui 

.Sjlitil JI33.VI 

CjLiLiLijJI (_y3 Sj-iai- 4-aJaJji SJjJlC «U!Lol ^j-uJLl!! ^r* ' i^aflJI (_y3 /ylajuj 

. 3_j£. i-LuaJ I j 2 j _. La 1 1 



I9fl 



V£*\^\$ ^\^\ 



,j_a tJ _Lll ^jJ-tjj-a tJ _Ll jj_uajJI d ^n t " (ji^ w ■ ul ml J*^ ■* ^ (J^Ju-m^U 4_aL*JI «_4lill -LcjJU ( I ) 
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d aJa-iVI cL-LlJ y* i -^ A a VLx_a <_i_LaJ! j_jJL»_j 
Li^sLi. N '^>'a Li-ua '^-^ JJ3 i .j i nil I Jl^Jj i3j_uJ>JI 
^^^1 t-jLu^tdl^jVl .-.I^.U'll CLu\£ JlSj ,4J 

(j^tu^O (_2 Jl^J i (JT JUSjX\ Cj^Ljcjji (J-*-*^ L> a -^ e -' ' . 'k>tl 

LitLcj . ( __ > I=> l^>_a V I £>£. ^^^"1 CjLo^Lla «_<t>-j SjljVI 
J^cljJLl 3jl_a 4_j_^3jJll CjVLsJI 7c_jjLj /j La «j La 
i L$_Lo 4_Lil3 4-ul '^^1 TyjLlJ r-lj^elLi-ul (3^-4-1 CjuLioJI 

(jLLsjj-u (j-o (jiyuj^l (jjj ^^j^djJ,! * LLi J L»l». I Jila 

(_^3 SjL^LtuJ,! 3 K mi a l>i-j-0 C^-Jj-C: J-3J 
aL\ seJS i hlj Lai i^j^-Sjj-LD Jl>-Lj ^ j LaJI ^j^ - "" ,""11 

ijii^^ic f.\j n~u nV (JjJs (j-o Sj^jlll cjLjLlJI JlcI^ 
3 - .' "' .' ' '^-"** ""vj i _>^=lj-o'iil <j-u SJI^j <LoL* 

a i >~ ft ! < ^1 ;U,^ \ t KjJl a_j_L23 Jjy-,„L, 
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lJ cllh J flUI clSSJI 

.3j_LiiJI ^ i La 'VI ( _ T ^Lc 3juiIUJi,l 

9-^ j mi Oj j Lai jJs j Jjl <Lj 'I jj-* ^^H-" O' <3 '- ' (J~* i ^>r^ > "^' ' Ol Q ' ' " 'I (jr^ 
(j-a dl! j j^c /^j-cj La f-o iSjjjjsJI ."'I \l .>.! I i % , ,-, jj ^^J"- .""tl ^_^ «LLai.VI 
L«j^uj i 4j >l . ^."aVI j| etj-» .^»tl sLl>-LL1I (j-o *Ijj-u * o" J= o 1 1 ^ La ftLi ' tuJlSj 
i ii i ii t tjlj i ii illS ^^-iLcuJ^I ' a* JaJI (j-a (_j->L*j V in nL>JI (ji S^Ls CjLciiJ La 



(^yXaac-uJI c^uJaJI aLjIaV (JjSj LaJ_t£. 2 j _■ La 1 1 CjLiLlJI jj, ■ iLflJ (^ J <>»'al 
J j_L oL>oVI IJlj* (^ (jrJj^l i2jVjL^J.I (^ cru_aJLa-"i ml jJsj .JJs! jjJ 
iCjI m"i i nil ( _^ <1>-Ll1,I SjijL*-^!! J}j_LaJI Cj-iLS L#JV Lajj ''^-ajj'^^J d _ i-aavl 

.^ n o iiitlS Lx-l^Ij ^j j ' ^ a ^ .' ' La ^jLc^_i_u (3^J 



Mathematical methods <iwrfbjJI $,jUt 

V, Laivl ^icSal /. ■ La 1 1 ^_)^j-» ""'tl JljJlj*I1J i tujLLalLlI (Jj-^ 3 '*•" '•^-"."l JuLl 
CjULiSjl ( alx^ajyt aljj J '"' '■»*■ "I I J jtj i Ol Lka-^M 1 1 (j a 2^ j <u?= a ,yLc eLu 
4_2-j^_laJI oJlj* JljiL*jj i«1_ujla u^s\j^.\ jl CjLa^Lc <_ iLlC. ji -5_y>-J i-lloxj 
(j_a £Lcj_a^Jc_a Q^S-J 0j_fl> LHjLv (_y3j) CjuljSJI (j-a S.cjj^^.a ^LfllLlI (_ T 1^. 
' a iaj (j^Lajj 1 IjjLje-aj lSjijjla CjLLill (j'V 3*" i_£ f-djj-* UJ^J vcr^J-^' 

Siijh^l os^ij *>^'>ii' JL ^' ct^ 'X "-^p- X = (xl, xn) vector «L?tla^2_5Al | 

r^LUI JSLiJI J-u^lJI 

P(D/x)= 2 a j x j 
j=l 

((ttjv^pji,l-3j_uji,l (_p3lj^.^L! X j (j^ajie "."It D i ( _ > iaJ^jjLl Lui P j^ajj) 

d A^Ujtl j , , n'^oj , ^^^Xtfa^J,! ^j-a 5^_uS 4x.j_a^?c-a «L_u1j J ^j-a a j J o" i h"' l1x_l>. 

^_ulx-1 jI-j^Ll^ (J^° «L5jjJt_a «LlqJ ijr ^CuLi £jl£ l!il La JajLTtliJ JlJJl>- ^yzJj^a (JSJ 
JfUIij . V ^| S^L^d^vjJj ^Jjl\ 3JU. (JjLLj (j^jV iVitl (jK lil La jj-T 
aj4_*j^ T'ljjJtjj-uV, ( _ T xisjJkl (j-a 'Lj^LS =LLj^. -}LtejI l _^2 tL2j^iaJI j>JLA 3jjju-o 
.(^jiaJ^JJ «l_La (_yjL«J (_gJJI (jlajj,! Jjji^ti! (jj/Lu^l ( _yi (j^J'j j*" 
CjIj^jc_<Ii aI JlJt"ii ill (_5i^. Jlajju 4Ja-ujiJ (^jji-I 'LLajjI^i- 'LSjjJs ijJLuij 



198 



cLl?UI (oicg uhJI ^S Sj^faJI 6ugJij'UI 

^tj 4 j Ir 3_iLvVI (_gJJ3 iVjjj ZjlSc J£ Jil^j ti^p- decision trees, jlj_2JI 

/—1&JLJ (_5-J-II <i_^aj_LaJI Sjjx-cuJI 3'jj' (j-'! J LaJ Ct-^*" lj>SL&j 'l£>*'' 3jJi£. 
glial i hi 1-CjLo^LlXI »l olr jiu «L^>-j (j-o-4-2j^AiJ I ojufc J_l<u3j i ( _^a ; i3e *.~tl 
SjjJs aJi£. (JLiIL>-l i flj J La g. II ^gjl i M II (j-° LJ^J-il (j-« (_3->i-»J 3 '^ ^J i(J-ji2!uj| 
aJx. J^jju Jus) <Lxj^o 3->L>-l ' • I LajJ (j\jua J!Jj-u (2>c SjLv^I ^Ir (_>iajjJ,l 
4^jj>Ji,l (_y3 » llaj- I i_aLifuj^l JlJi^. Sjja- Mill JjJju 3jjjlo-oj i(tj-o1JjjJI oj^Ijj 
«1_lj_ljJI 4-a-J^-La II tt o i iUJ J '^ a ' 3 J S. j i j K| CjLojLi-a j^Ijjj LoJ_t£. jl 
5.ijLiLa J^La- (j-a ^juua (_paj-^i ^y^jjX\ 5-iLi^l JLcia-l t_il i ntj Bayesim 
3 nl'^JLt ^Ij-Cl^vU ^yj-uiJI jl^SOJL <_>iajjJll ^yic .t^^M- ^1 (_ps|j^.Vl 

JLCo-l J1«j P (s/mi) CxJLS liLa i(_psjj,l I J^J 3oL^J 3jL-oI 2JL- J£ ^ 
JLiivVI Jixj P (Mi) j iMi (_>^3j-o (j-o (jJL»J o^i>° u^ ^ u^'j^i aii^-^Lo 

l>ol>g.? OJaa-jJ I il <jjj '(jhj'«tl (joliejji Vl ^ 2?VI (_p=>A-> SjLi^j^U (Jj^l 

•.(jJLlllS Qi^i Mi (_>l3^X-l sQjL^sl (JLil>-l ^lS < La j^yij^-a ( _ T a S 

P(mi) p(s/mi) 
P(mi/s) = 



2 P(mi)p(s/mi) 
i=l 



: <LJLlll i_)l 1 1 ii^U c-JaJI JL»-o (_y3 jj'^a 2_i iinjll 3 dJjJallj 




4 j i nj i II 4JLj_iaJlj ila ^j ~j~" •"■" 1-16 ^N mi 
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(JjlaJI aIjljeI^V 3^vUJI jjl L»£ iSJsjji-ajjiJ La Ij-ilJj I Jo- j^j£ ji^ljJjJI 
.^jLlJI 3Js.> ,j-a JiSj 2,^al;tl 0L1I nil 2_u^|^sV! 
mutually exclusive Liuu l^i^ni (_^-y ^palj-o^l (jl jx.IjJl!I ^j'-.j'.A* -2 

Jl>-Ijjj La !j.3U diLual^p^l oJ-Aj ijLpcVI ( _ T 3 CjJl>-I CjVL<Ci>-VI f-J-o-*- (j'_3 

2 a ij ^ , ,-. ^ ^sj^. (_a^LjtJ i ^ i Za 2 o La .ijj lil jlj_2JI j^j-p ' . ■* t-eajTI (j-a -3 
/y_<fcmi (_Li (_5-Lc J 2jJI I JLA (j _■ La * Jj t^j^a-iac LtuJlj ( _>I=i l^c V I (j-U JaLcJjVI 

<Lul Laa.VI jj taJI ^Ir 3j-<4l*Ji,l 
LLLS-aJ (^^Jj iJajlII (_3 (_, i "jjll ( _ t -lLiJI ^)^-j-» ".~tl 1-16 (JSL«Ii TiLxisjjij 

2 aiaJVI ^yk: SjUl*il JjjJaJI (jr'l S-sLUsVLi-u^LiLjJ! JLClIj^ (_L>Lt>J 6^-«^ 
(C-ulJ ^-LisjJ,! jj_a .ijouj jj-*^' (J-* \)~^ l^^^* Ct^ ^ J ' ^>^ ' ^J^iL>J1 j ij laj ! 

^J-L!! »tj-5--L^,Vlj ^Ll-jl^VI (j^ l_Lb > c .SJIjJI JLjS^LiKyi o>LaLUI 

3_»_aLsiJ Jj>3 (j>>J ARAMIS pjj_<ia tillj Jllaj . sLL^I L^ajLJtlxjJ 



3_cj_<njc_a jl q'~ju^ S-LjLa/j SJL^v (j-c 1 1 "^" i "jl cjLjLlJI SjlcLs (jJ! L#j 

t gjjalj ^jv^j La_a t^lajjj aJlSjj r-^Lsul /^J jJjsej-uJ -^ g '^V" '"'" (3." " Cr^ 3 ^* 

j_c:Ij^ (^ JjUjJI Alaiel<jLi ^yJI «Lui WjCLjI g^-UI ! J-A Li! >ajjj 



(_LjJb>o (jJLc I j->ii»-a jLui-VI I jui j_uipJ ji£.I^J3 j-i^jJ t Robert Blum a^Ij 
^Ljejjj <lS!lJI (jl JiiS SjJaLjt^ (j-a L*U!i (_^ La «_a iCjuLlJI JlcIj^J >yjl i^aa>l 

oj_a Jixj 7r o i n"t }La iSj-ijiJI 2 n Ta W 1 ^^a Lai .2^IaLi. jl 2 i^aJaLi cjLjLlJ 

a^h LajLJtlutA LaJljcj CjLUaSLu (_gi Jjl^lui SjjiJ! li i_<-ulaJI q^ »LtaJ>al 
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cLl?UI (oicg i_JaJI ^S Sjj-pJI 6ugJij'UI 

(JjJbcjJI /j La »_' jjia idl! j *-aj i4-aL»JI Ji£.IjJlII (_yJI (Jj-i^al! (_>^>L>JI oj-iSLaj 

.cjLLajl^iL! «La_i3 cjljjij^ /-SI '^^ »l 

i.l u" V L^j| ^_a|jj (j_a I /p . . .. La JS jj£, 3j_uJ»JI 4 ala '»! j-J-a-i La (jl 
(JS i"i_tj i«U 3jajvjJ,l 43jj(J,l /j_aUj_JI L$J a JlJt" i uJ (_yltl 4-tAjSJI I flj ui jj flj j! 

2_' luiSlJI «Ljt-aj_JI J}j-LiJ La^j I <*-al " IjLjfc 
IN-j ( ' 0) PIP t_xjjj t (9) MYCIN (jrt-cujLa .^ ^jjjiXI S-it^ Vl ^ij 
(IS) PuFF<iiJj^j< (l4 ' l3) CAsnet/Expert, (12) VM < (M) TERNIST/CADUCEUS 
^^ 5 , k\S?l ojufc i j Llicjj . 1973 *Lc Jljlj c^jJl^ I j « j -i >. j IRIS j 

■" J l a » J aJlJt" ■ ,\t^ i 4-Lo i '^" 1, 1 4-£) v v_«J.I JjlLil! 5jjj ,^.11 tlil 1 j , t U Lj-al JlJ-"ii a I 

frames «oljUaVI» j^kVlj 3_JVjJI oKj^.tt u^yllj i3_o-LuVI JlcJjJlII 

Cjl_a^L*JI (j^_i UaLjjjVI (_£jJi, r<s-$-jl JjJl^o ( _ t 3 I ''-J' (jj * u **•_' L<» <j-o (_>-= 
CjLa^Lli-l I L*aj| liJLLoij h_Jjj>-I «L^>- (j-a ^_)— j-» ."."tlj <l£>- (jj9 (_>I3 Ij^. 2 1 J 
(_JJji1j (j — j se •"■"' (_jJI (Jj-ajiU /_J i iU I J i ia « j 3 i5-aJLJr" mil CjLisl-uI^Iu-uVI ( _ T 3 
(j-u J^jij-aJl jju^*. 2(1 JlJ^- 1 L-a-4-i * ' 5 ■ i ■■ rt 3^Jc?t_a 4_t_L*_a d 1 1 n t «CL?t_uo (JLilL>-1 
1^_l>-1j ij^a^jtJl I J ^' ^ Lola* OLiasjJI >j i ul (j-* Qi IlSbj ulA 4x»i^JU dlLLtaaae mall 
4_o_i^3 cj-^J ' ^ j ^t~ _>ihpj T'J-^' (_2-^ M-O^ lt^ *J.i,.'~"" ** i Lajz I i allaej 
. 4-ij.a JLa-"i i in , u (jjjJI liilljlj sLJaal 4-H3 < _* i nM ^JjJ^^-Lis 

MYCIN ^miU 

(2^c SJjiJjjiil L^pSLJI ^jlr <_3jjilll JjUejj t^La- 1 nil (JjI i nllj ajJI ^jjlc 

LaJ^J^. «LJi j_& jLL«Ji,l I a Qj 1 1 J i2 1 1 nLUI 3^.j^>JIj r-^L«JI 7-l^jJslj ( _ > l3jj,l 
L^J (JJj^joj jJ^jJI ji AjJI (j-a «l_Lj£. 4_La Jl>- LJ i ( _ > iaJj_a (_yJLc CjLa^Lc j giaj 
j La 'I) sLj^vLxjI JlX.Ij^ (J\ i*i ( _ T i 5l *" '"II CjLajUU (j£, J-JJ>-1 joj i4£.jj^ 
(_pL«i (_y^ l_j_a^fli «U3jJ,l (_<L3ljJi,l (j-a JJjlj d La f'j 1 1 J (j ■"■■'- (_j-lLiJI J .^Atl 
Jii-I (_>iaj^-a-i (JlUI I J-fli (j ' +"'JU .2-16 (JSji (_y3 (JLlII j-LijI isLia-p^j Sjjjtjl/ 
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Patient 105 



105 




Culture 1 i 

(recent) 



organism 1 



Culture 2 
(recent) 



organism *= 



l^^u medicament 1 




2 '^jy Culture 3 3 *pj>* Operation 1 1 4_Uj= 



2^'is" organism 3 3 i v'lf organism 4 4^*15' 



medicament 3 3 T ">^ 



medicament 2 2^^ 



MYCIN jl_!i i^J 2 - 16 j£i 



4_u 



^da 



■»-IJ i((jLliLjjL>- (JLjJjIj «Lx-lJiJ9 3Jl»-Ij) fjlj-o oMj «U 

(^ii^-l,! (3-SJj ^o^^^' iJty^jj-"'' 6-° J^ cr^ l$ j 1 ^"' 6^^ Jj-^i Soa-lj 

tlx-ijjijl ic.jjj.1 ^J°i c.-'JJ ''*"* (IH-'J'J (Jj^J ' L^-i- SJl>-I^J ?-^L*JI cl^sj (JljLa 
4K t " 1 1. j-ujuJI J^»-o Sjja-uJI aJ-tb 4jo fhl j_£ Jjujj nil! jJ I Jl»-!j *IjJ (ylac Ij 

(> j 3 * II (jjiAIl 4-flJHjU, I cjljl^SLlJI ^i 

«L*11I 4 j mi" 3jj-ca (_^ 2 Ij j i aJ jt_oUj_JI ( _ T 3 S-aJiir" i nU JlcIjJLII j J lajj 

^3j SjlcLs IcLlU jj^j (jyJJtAJ 37 (jis ^-oLJj-JI ^1 Ltii-^l I ila ,5j._. ,Utl 

: ( _ t jVI 2«* I iiaj j-oVI I J-$} (j-> i njLa i ^ht'i i nj 1 37 

-.37 3 Jlc:Ls 

j Gram-negative <_JL-u i_jj^£LjII -2 
j «<_*-uiia» (JSL<I< (_jJ^- (2>S">JI -3 

. « enterobacteriacae » p^J (j-o i_jjjJvJ,I <jl (0j 8) (_£jjs JL<ii»-l liJLuk -.(jjl 
2-»-jj tln^ coefficients <Jli^LaL«J,l <_. mtj jj^ mjLa jl J15II I JJt> u^m 
J uaAll j_i L&Llae-LJajl (_yill =L2j^iaJLi /tjQill j>JL& Jajl^pjj i/tjQill (JLii>-l 
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cLl?UI (oicg uhJI ^a Sjm-P- 11 6ugJij'UI 

q\£ jJsj fuzzy reasoning JlSjJJ j-j-c. JVj'iiuVI 3JuSLLo JlJLc j £±c (^JliUI 

i/_j-la II i_yZjL2c "."It 5 Jul I i ii 1,1 Sj.iaiJI 4xia-lVI (ji_i IjiSlj La-aUjj (j-U-ujLa 
(jj-* 3 (2>c ci^e-JI (_y3 (_£jJ3 j_oLj 4J ^oCji jii uu i nil ^^Si 4J1 m"n u| j»JlC («-C-Jj9 
(Jr l>- 1 4 ii I" -^l I pj^ill (_ii tljjiJI l^ajLa-"i i uj (_yjJI J 2jGj-uVI (J^H 3 (JtH-*- 1 
SjjSLs «Lil*JI J • 2j (^ J iAAJI (jH i iijU, (jl^ JuSj i I i*aj| <_JaJI JL»-o /TJ^*- 
2 jIU j-uju (^ I uaj] (j\ i n_)La ^JlJ-"i i nl L»£ .j • uAl I (jx. 3ijj(Ji,l SjLcLJS J .^'« 
m"i 1 1 Jj-3jlll (^ I (j < j"n (_ylll JVjGj-uV! Jjj-la ("^ U 1 -^ CjiaJI 



•O^ 



Present Illness Program (PIP) ^Uil gtojjU ©•LljJ 

sua S^jjiII Jl<uj .(jyiSLII (_>l=lj-ol (j^jiejiill MIT ^ ^oLJj_JI I jut j^L 

(^ L^J Villa fylaj 'j i(j Mir tiJlill J LaAll j LaJl) 4_Laj_a> CjLjLi£ J*v iSi ^Ir 

L^oiajLj (_g^jj i7c-o^U.I (j-o f-lj-il Sjlc «U (jjSLj (jl (jLSlil (^£L<jjj . 3 -I6JSL<I/ 

-»■ y ^ t I I U ,". t «QjtJ*J 4_^- a 3- J ^Jj^* Jig - M U ,",t -»■ JJ ^ t)j l^s t *_^a^« (j Lj£j 1 (Jj^>- (^Jl 

,X_Lc j i (■ ta ". ' j-J^- (_£ l) I Jt j"i i 'I a <l*j>o ^j^>- 1 7c-o^Lo liJ LLa>j i (■ La 1S1 1 4jji 
(J^ejJJ lOjjUJeJJ ila ugJI (jLSjl (_ji£- /^-aUj-JI AUu-ifcl 3^_>y i<.l>uLj£-11 4j>JLjla 
. I La ilj 4Jj£ <jx. JjVl 0^>-" L-iSgjy LojJ^: Ja_ij 4_uSJI tjLiSLII ^1 aLaI&VI 

-ij-^-j (ji i . j mi Lol ij^i-l (jLj^ jLii-l «Lijf (jLSLII 3JL>- jj-«jj (j' o 3 -*^ 

. I o ^ .>.* .t ^jL^-'ilLa mj'^ jl tjs*-j\ -i^>-j3 ^^n I o ft>jL>.t 
(_gjljua jl (_74»-j5 = »I S" i "m il :i -u mi l 

(^LlL>.1j ' a * . «a :» j Jojj 

ciujuv Streptococal cj^Ij :t_i i_u .."t 

/-J-SLJl a se uaj - » a3j 'I aJlJI JqJI tla iaj * ^j i^a tl ^- 1 ^ .". , ,.l ;< il i i nt 

.glomeru litis 
jLv (_55K J mi'^ "'"'I ag I JaJ I (_j| j ml 
callulitis (^^KJI ^ujiill t_jL^l!l •.-.! A<-l ,^1 1 
ajj glomerulitis ^ \ r Jjj (j- ^- ^ J-^j-° f- 5 tlaJu^a : jj-4-ll L _y^j^hul\ 
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tjclVhmUl *lSiJI 

i\ O I n"li ill (_ji£. (J^ Jw^-^ 

Henoch-Schonlein Purpura f_^. Jju (jJa^JL j«Jl 
PIP ^ Acute,glomerulonephritis oW^-" 6-° *>^ ^ "'^ d^-" 1 

INTERNIST/CADUCEUS £*Li jd 

< 1^-d-l La ^j-^- CjLq*)N a (J-4-a-^jJJ tT) i i h"m > «L«_aL>- ^^JS ^-au^-ill 1 JJb J^b 

(j-o t_ij-2j La jLp£.VI /_i3 JLi-Jjj isLUlaLJI ( _ > I=lj-a'2l ( _ T 3 (j^aqje ■"■"' 355 (j-o 

.^LoMjlJIj u^lj^Vl <>a 5500 

. j^jla lj-o}U (_£j-lJLi ' ^j'"^" 3jjj-3 (^ jT_aUj_JI I Jl^j 3ijj(Ji,l 3ji£.L9 (Jix-lJ 

i - 1 1 U ^ M 1 I J o i"i"j ,<-<! U^M 1 Ij j^palj.aal £j\j (j-uiLsol ( _ t 3 dajljij ijJLukJ 

JSL! 3^3 3-=-j-5 -iJ^=Jj 'SjSLjIjK^I iiiLiLillj cjLo>L*JIj 2uul^j1\ ^Ij^VI 

"Q~ I ~* l ""'" - ' (j->->J d k> 3» N II » 4_lILlI! «L2j^LaJu oLsoVI £}£, J-^J ''*-™lj 
it ti ]\ ^ y I 1 rj'^j^ * ' O^ - "" uuJI » jl t<d iiiqi ^Jl j^'^ ^j-* fj 1>-^ ^3^ < ^-*"J^ lJ 
UaLjjjVI jljJal (_JJ^o oJui 3jJL!l d-»-jJ (Ji*JJ id i noi ^1 I (j-o SjJS "^J- 5 M-li 

^ £yi <5.>LU^ j_uL INTERNIST/CADUCEUS ^ ^oS^tUI 4%^ <ji 
(j-Gj-cbj^ ^1 j la h j j'a i^j'i/l <t>.jjJL> 3rj-4.ll ^j^j-> iSilJI ^Ir LajLCIcI 
(jlj i itdJ V (Sjijvlj duu^jjs LjjijLpcLi) I o it^l^^i^ liil q\~ i ii'^LlLo I -i gjf -_lc 
^jLt-a 4j^O (-LJLlAj tSjj-nJLa I o ^ i q <J£ gi i "-i" l_4_<o^Io I < " ) Ua a* >! ti (j-Ut_4J^e-« 

• <_ r lj LiJ 4_ijt_ul^jj_ul 

(j-c djjejl iCjL-iIsji j-jjI (j-o jj^I tlrv o"^l '"H o^ 'M "• ^ v~" "*^ " ' 
(_, Ir 3^j '4 j 2 (j-\_i 2 i n 'qLllII CjLjIojjiJI jji^. 7-jl^p lil '.j^uijJI -2 

(j^. tiijtjl i^yJsLJI jL*jIjjI Jju tjLul (jL-ajicJLj ^yii lil :3jubll -3 

,tj\jui JL>- ^^1 I o gjl ^j S (j^_J Jjjju ^J '^"' Cjl_a^l«_a 

Ventilator Manager (VM) &>^j* 
*$j nia <j-* 0^^ Larry Fagan tjL^L^ i£j$ «_«Lj^aJ1 1 Ila tl)jL?tI J _u1 



20fl 



cLl?UI (oicg uhJI ^S Sj^faJI 6ugJij'UI 

aL$J,Li AJ-2JJ iZj£j\\ 4jLl*JI 3Jl»-j ( _ t 3 ( _ T iisjjiiI 4-uii '"" Laj-^M " (_)-*£• u^l 

S-iliiJU v^jLuLLaJI ^ Liji^vj J_<a^J,l «LLaiVl i_aLijSI -f 
system life support SLljsJI Sj-Jl m a 5j j ->- 1 < J La. (_gt ^Ir i_2jjlI1I -i_i 

^ (jiaj^il 3JU. ^ iTjIj-lHI! ji-l x_a i4j>JL*AI ^ olj_ui3 7-l^pS! --> 
U^iiJlII ^^Lc Ij-iLs Qi^i o' cP-* 'TT^L^ J^o^! SJj^IaJI i_al JuiVlj jLp£:VI 

.4-<-il3_>_a 4-flj^la_i j j < uj 4JI (j-o J&Gll r-^Ltll SjujlII AjLscjj-uVu^jJIIII -_& 



Casnet-expel (Causal Association Network) 

3 j-^j laj I j ' " I VI a.-i " 1 1 la a.^1 a (4 - I A J< ^ » tVil) ,-.ljj", , ,.,i * i^ 1<~ 2"aj . 1I 
L)*~^V ^ d j ^j la j i ti^JI j (fcl J LaJI (j2 (J-LaAJI IjLjfc ^_)SL«I Ju9j ' ' J '^-»- -"-"j 

4 i ,'!,' U4I0 ai^jJIj CASNET £-aLij_J (s-^wu 3^ EXPERT g-aUjj 
CjVLaJJ j_&LLi J-jJLsj ill I '< fr Jljij *i La 1( j^ 1 njLx-ilj (j^-cujLo lTU 4J3^L»JI 
1_0 i(_g^>-l jt_oIj_1 *LLl (j^ \jJt AjJxIu^ul JijSj i4_L».^JjJLillj g'^-^-jljj 1 "j*M 

.5 - I 6 jjS mi /_3 7r (<t a_a a_A 
:£jjjf 4j}Lj <j_o EXPERT JLcljS jl 
1 - 1 1 U ^ \t II jj^j CjLLijI^j - 
CjL^dI^II^VIj . ~il t^^M 1 1 (j^j .-.I Lajl^j - 

cjLl^I^j^VI (j-^-J cjLLijI^j - 

oLsol ( _ T 3 Lul^ JajjJI (JjSjj i<_jjj^ill IjL^J LijI^ JlcIj^JI (j,ulaj (<UJJ 

(_^3 4_j^vLlJVI jlcIj-SU rLm^VI SJT J-«-«j I JlA oj^ o^ CgjL-SJL!) aLsVI 

(1 uig ^^jqJI J i^^tl 
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BKStPATlfiOGCAL 
STATES 

associated 
lin;s 



) » I— 1\| ,-/ EB or I 

>^ ,/ i pain |_J A J | visual acuity I . __ 

/, >* — >•-.£- **«£■ T — 

f | systems i f H / ^Xs Q 

\ ' S fuzzy I y p-Hilateai \^ N ~~ 1 ophthalmoscopy 

w v^ i " iri r n / H pupU I ) ^J c ' d °- 7 



arcuate 
I scotomy I \> 



Ttesisl j 



OBSERVATIONS 



L-AaJI (^ 3>j_uJ-JI 5_daJV I-I6J^Jl^ 
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cLl?UI (oicg uhJI ^S Sj^faJI 6ucJaj'UI 



CASNET 



<yfjh) 




lj5 ~ajJ' iJ^*J' V* 3 



EXPERT , CASNET _,>- 5 - 16 JS^ 
(_,JI Jl^IjJs Sjlx. i^jJ-j LoJlJ-c. 3J3^L*JI ej£ ±\±j3 V (j-LtujLa i_a^Ljcjj 

JUivVI Ajvjj J^»j . 04 J jL«j U^ j t-^u^i^j ,<u , 06 JjUj La 4-ll^3 

(_yi J-J-«J (_3-IJ x-tlojJ! lAjk (_p-a (_£.}J-l3 i(j^xjjLa j^jjVI I aJaJeJ Lx-Lu , 06 
(j2 Ij-jjS ^LjLlill I kluieJ V ilL!!} f- ^ • 76 (jJI J i taj I «U-Li=>jji]l (JLix>-l 'L^-J-i 
AjLia-" i n't L^_ii Lo (j^ja_oUj_JI ^^3 4 i-il'i-^e-a ^Ijla L^J (JLil>.VI Cj^Loljla 
«L»-jJ ( _ 3 -3 SjLj^JI (j-^-mjLo c-i-i ii-^j Lo.i-l.l3 IjloUjj (_p ( _ 7 3 4jxtaje-a 4-Sj^Lij 
j*$2jj SjLj) (jjj JL^VI 2^-jjJ (^uiLuVl JSiJ! EXPERT Jii.L < JLivVI 

J^cIjJlII (j-o j-j^^I JJjJI I J i c J J ( _ 7 jJI S-iiiajiill 3-iLjj L_ll I n-fcj 3jI J ill (^ 

. l3i_lujI Cj Lj-L^jji! I j?&\ L^JLi (_yjvjj Lx-« 

(jl V! njljJjj^a 3_«Jli l_^ 4jV SLI^uj 4JLSJ (^SUj EXPERT j-oUjjj 

.4jUI^3 c-u uaJI (j-« (.L* 1 ?-^ <LaJLsr" i mU '"'IjI L<aaa»al (j-o -i se i ia 1 1 JJjlII 

. 4_ulaJI ' " » I S i ■ U" 1 1 
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tjclVhmUl *lSiJI 



(9)SHORTLIFFE 

(ll)POPLe 

(18)Shomliffe 

(13)weiss 

(lO)Pauker 

(15) Kunz 

(19)Fieschi 

(16)Trgoboff 

(20)Gory 

(21)Patil 

(22)Martin 

(23)Engelmore 

(24)Gascuel 



MYCIN IjL^JIj 

INTERNIST/CADUCEUS^l^LJI ^IjjjVI 

ONCOCIN (jLtaj-cJ! 

CASNET Lo^UJ! 

PIP ^i^ 1 CjL.ljJa-i.bVI 

VM (12)Fagan ZjZjl\ 4jLuJI ^-^j-o 3-*jLLo 

PUFF 4jjjl^]I ^blj-aVl 

SPHINX 4jaj_« ^VT 

Iris j-ajJI 

DIGITALIS i_i2JI 

ABEL PHCOHTROL 

MOLGEN 4-L^aaJI ^J 1 ^ 111 ckJoieJ 

CRYSALIS cfpi^ 1 Jt4^ 

SAM ^yJLjjJJI *jJI .Ui.^ 



(jjAJJ (ji (jA-4-i ^j -"* J "*• '""11 (_3^- SjJi^ 2 j-ilajj I ^ i la ' »l ojufc Cjj^ial 
(j_a I^—lIlS (ji (0-C.jJ 1 1 (j o j ii " (ji 3j-j-±j>JI /oJajU tjSLxJ (_y-^' j-Ai_jJoJI (j-u 

(j^Lxj 4JLa k(3JVI j_iSLflj» 4_A^. uj 5 I taj La ^1 qj-" . ul (^ q^j£.jj V sLJaVI 

(^iJI SJLjJaJI rj-ij 2JVI 4j-uj (^ jJI j-iSLiil! tLaJ. y-l Lajb dil j ^^k: i_JUll! 

oj j 3-1 ^^Jl 3j_lj^>JI ■" la i II ojui (_Lzj jj* icj_tuj (jVl 4Xa-C t_^*J Loj 
i4j-aL>JI 4j^Lj£. (_^ <_*-ijiaJI Lj-o Jiir" i n_t (jl (jS-a-i (_t^-" iSjjJLcaJI im nL>Jl 
j_j_tS ;r_aLJj_A-i (J_uaJLj (_ 7 SL! ^ j 'j aj D i La j La a. (_jJI c-j-LxLaJl r-Lixj 2 cdJjijj 
(jl Ag i mi tl sLJa^LI LcSLaj) (JjSLj (jl Liiajj i_caj La5 . JLl*j jL^>- ( _ T 1^- J-«-«J 
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/<sJa_Lll <^JJ J • * a Jl I J_A (j.3 j_<_ 



/_^ Jj J ■ La " 1 1 (jVI (,"->■ C^i JLa-"i i nl (_yl!! 2 i 'ij^j-ll 
I gjVI »J LLSj Lg-i-i-i^a-j l_<t£ , 2 <~ I ', , ^ 1 1 j ajLlII 

META- § DENDRAL Jf j**!*!**** Jtj^blA 

DENDRAL 

^ eJsjjOJ! (jJ! (I) DENDRAL JtjAip e^j^j 
aIjlJ-'hiLi organic Molecule-(_gjjiajLl! ^j^jJI S-lIi 

j; i u2£ /_LajtJj . 5_i, A jt-ill j 4jijjlaJI - LlO-iSJ 1 cjuLu 
CjIjJ (j a » _■ I 4 I o'-ica l2i\-u£j3 CjuLlJI ojui -ij-ij 

.(Jjvlj.a Cj^Ij ( _ t 3 sLlLwiJI a Jut jj i m~j 

aIjlJ-" i nL CjLil£LaVI J-JA3- j "•«->- : AiljlII -I 

(2) 
l^jjlaj j_pju j i^yki J^tL*-i (^ JJ! Congen ^oljjj 

J. t , j_j_>j_jJl_<_! .r- 4-jJua- "i i nl g_ 2 j " j J ajjIj^>J 

. Lederberg 
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tjclVhmUl clSSJI 

. Ijl>. \j-±& ui^i ^ l£ j^'j (j»4i^' 31^-j-l! ojJjj (^ JJI CjjtJI («-»• 

CjVLjI^-VI JJi£. (j^iisejj ^jj^-I J»jJ9 Juamj sLb •' fl.u.L<axllj jLua>ZI -3 
LS-jJa LjJjLlj 1_l_ljjJJ CjVLii>-VI ojufc c-<-Uj3 *_o 1 1 Jj" j kill I jiuJtlj (.j-'-tt 

. (jl i n selli h^m ji 4_jJ^JL*Ju «L>-jjJ 
i jj la " I /. it j ^" i ul (_ 7 _4 T u-*3 ^_auj_o jjljjjjj LLj-« AjLa-" i u 1 (jl (jS_4_ij 
^^-c-jjj i3JjJl>- Ji£.IjJ3 jJjJ L« i(_Jlj JlJj^ Lg-a jj-"i i uj (_yjJI Ji£.ljji!! (4-uuljj 
(JjLaj (jli-o 3j ' '"^ «UVI *_o (J^Lajjj i^lloLi cLuLila CjLo^Lla (_ji£- d ^ T~ 

cjL1j_)^>J! Ij-^o (<i£Lj>o (_ t j-I! Jlc IjJLl I (_gl i£L«SL>o ^lll JlcI^JIII i_al u~&\ 

'.(jJLl!! pJ-JI (j-o 3JX.LJ3 tt'im i n j (jl JljJLbj LjjJ, (jSLs-i I JiSL&j >2jj uaaJI 

N-C-C-C— -> N-C*C-C -.Sj^la 
(J-i^vj^^JLlj 3ji ^ I c (_gjJLa_j ?(j;j^>JI (jLS I jl «LJi 3ji^.L2JI ojui ( _ T i*jj 
{_j2j i (j-lJ (jj£Lu-u J uaAJI (jLa i(j^j^£LII jj-a Cjlji Cj^Lj (j-o 4 1 1 ill i nt ^ 1 1 oj a 

• [j-> jVi i ii^JI (j^j^SJI 
(4) MACSYMA U j, ,i<U 

(J_oLSLlJlj J . a I * " 1 1 ( J_)| 1 1, a (J^. ( _ T 3 SJlC.1 i unit ^_oUj_JI \jJt i_3JL^JJ 

vector and matrix algebra .-.I j ->".! |j .-.laj^.^ll j-^-j <b^>JI CjVjUIIj 
i ^ r c\ LL -^V1 *L£jJI t^jjLj ^ ^j-iSUI jj^ijJI juvt ^-olij-Jt I jut JiUjj 

.jt_oUjjJI J o i"i_tj i4_a-u (j-> ' "<•> ct^'^ :v *ri^ (JjJi-J-tl CjJSjJl f-tjJJ 
oJlj^j iL^JLiJ j-Ial '" II JUJljsoj 3-j-iialj^JI CjV.}L*Ji,l Joj, ■ tujl JLcljJS - 

. jljl lil I j j t| i aa-i^aj (jl f>jVi"">lt (^SLa-i L«£ aIjlJ-"iihVI 21^1.1 JlcIjJLI! 

:iilli Jlla 

2 2 
Sin (x + 1/2 Jt) ► cos X , Sin + cos x »-l 

log (ab) ► loga + logb 

(jj" in U u I r JoJLa (juj t i3_j^_l>JI JKJu^l ^^l^. i_2jjdit i2jUIjj>.I - 

3X2 + 4x- (jl ilJj jG (jl (jSUj ^^ l(JT JV jdl ^"mill (^ I <\t? Jj isr ^ J ^l\ 

(x-l) (x + I) ditj^j ax~ + Bx + c ^LUI jSLiJI oit^j (jl (jSUj 1 

j_a2l d U , ,.lj i t j>^( ir~ i ii U ^Jl>. I jLfl i«Luj^>oj <lx>- 1 "i i" i ul CjUIj^vI - 

cos (n + 1/2) Jt =0 (jl r-Lluj-uLi I oj in^La »^i ^pej-a jji£. N (jl Declare, 
aLj-SJI (j_o Genesereth cjj j mmv gGju^-" ml (_gJJI AJjIj^eJJ (j£lxjj 
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M-l'iinN; pglaJI ^9 SjjitII pJaDI 

(j_o L y*5\ lqjJI J I aoJlj Deductions TKonoric-type 2 j a j ' i ai CjLvLLlL-uLi 

. CjLcjju>JU aJaLaj ( _ t 3 ji^'l I j <j^>-x D'tP 
LijI 4 S. j i"i (Jj^Ia (j£, 4 lj< i"i"i (^jSLajj MIT ( _ 3 -3 ^-aUjjJI l-lj£j3 j<u JL3J 
.[j-LLoLtJI (j-o J^u£ 4-oJlJ-"ii nlj iUj ih! 3Jlll Tj-oLjjjjM I jui t_^ J^J ARPA 
a I JlJ-"ii nU (3^-Ij 'lSJ-^? 1 ^' (J-olSjJI CjLlLwlj j^jJCJ ^js>-'\ t^-oIjj Cj-f& JuSj 

hearm <Gjl»Ij-u! (_£JJI REDUCE ^o!j_JI ^jui (j_oj ijJ<j^>I 2_3j_«_a So^La 

JjjiIjj ( \J-uilJ, LEX j-aljj-ij ( ^SNARK (^ic I JUla-o ^lJ^JJ ji-T j-aLijJJ 

(9) PROSPECTOR j&if**jji 

lil :3_lJLiII 2K Mitl *JL*j j-&j hjjUII LcvjJjjjaij ^oLJj_lII I jut (Jl*!? 

1 g > I 3 seli 1 ■■' )t^^U,1 (JJljuJ i _ 3 _A La tjJt>- a a la ' 1 Ll>.jJj_l>. I -^ >^j LxJ J-S3J 

2 -1 1 •■ 2 " 2_jJVj <jiiLSLj_Jo a! JlJt'i 1 uLi ( Ll»-^J^jj>J I Lui) ( _ > ^>L>JI pj^jiLi 

(jyJS j\ 2— ajua- " 1 n 1,1 lIiLJLj-jJI ^^-S alj 1 11 (J-aJLjJI ^JlX. jl g-taj (j^Lajj 

2j|jij ( _ t s cjuLlJI (JL>-jl j^jSLa-ij i/y_oLijjJI Lg-JJ (_Lu3jlb ( _ T ill oLvlLlL-uVI 

(J-Lsoj i«Lj_«_i_iis 4jlL ^ laj 1 uj CjIjLl^. (JSLjJj ^^3 in nL>Jl x_o jjljtiJI SjJ-i 

J_i-btjJI £_aLjj_l 4-aJLJ-"i in J ,_£ j-ll ^JVjJI ^till 2t |^j oljLuuM aJJt 

jJjl^J ! JU1> J-lL*IJ! J-oLijj ^Jiiel^l JL3j (yL^J! J^aAJ! j^i\) (II) LIFER 
4 1 11 1 -v OJ-S--J La 3-iLcj iCjLJLlJI JlcIjJSj iLuLjiJaJI 4-kll 'Lj-'JJ /T-°'j-J Sj^- 

i2_j£Lk>l cjLo^Lla LfkaLuI j^aLijjJI c-iltaj JlSj interactive 2_Lc| <y ( a jjUtll! 

(_Luajj (_ T J-J! ptjLiill j^j-p 4_cSju Lo i4 1 nl->Jl ^^3 4JL-vj^ (_gl (^ 4-LyC t-jjIij 
Ajjjj jt_oUj_i L4I0 i jj'i'v j 1 i\^j-i (J^>- ljL»- «Ul3u Cjtj.il Sjx. Cjj^Lj JIJ2J 

<>_ij (2_JVjJI 2< j Mill) cIjLojLlaII ^yli-ljJI JSLiJI <>j 2^vj^o 2_^>.^i, 
Knowledge Acquisition J^.1 mjj 2j.j,Ull 5JtJJ1 (j^i—u^UI ^yjvjLiJI JSLiJI 
Sjj Jl»- r^LxJ t>^ cr^- (*J-a-"r imU oLa^LiII i_j| 1 n'r^t j-oLJjJ system (KAS) 
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tjclVhmUl clSSJI 

3Js}L«JI (jla .B (j_a 3-j.cj-a S-cij-a^-a A iTxJKj <PI(A) ^ A La oju>J 

. I j . ...V. B f_j\c iuusjjJA.\ dJJj (j-a jj^i -S_jjJ3j ij^ 'B (_^ r 

La-Lu Degree of Sufficiency (DS) <LI aSUI 3->-j.s pj^ JSj (j-Uajjj-ll <ji-«2jJI 
2_'l aSLlI 3->-j^ (jyJJtjj Degree of Necessity (DN) Sjjj i^aJI 3-»-j.i j^-^l <_P-*? 
(jisjjJI aLlII J15 3t\^\l II jl cjjlsJI I jjt j! E 3 tag. M ^ jf cjj^J 3_JL«JI 
4_aJ-oJ!j E— >H (jL_i aJ^jcJJ LjJLLiia SjjLj,^ 4 j^Tfa^Ul 3jl aSJl "^jJj Li 
Sjjj^jIo 7t_a 4iaj.^l 1 1 jl CjJi^JI (j! ^_^_L«3 DN«1 QJJJ L^aJI «L>-jjJ ^j )L^aj| 

H- ,jL a>»JJ Likla LjLu* lilli jjjSLj DN = O <jL£ I ila U (_K>j-aJ! aLl^J 
«neck 3-jJSj» Ja-»-j j j taj I - 1 7 J'C A ^_^ i£H <J' (j-^--*- 1 L*^ I JSL&j ~>E 

jJ^LLVI (^JLc. (j^jJ (^SDj <tJjLi!l jjie-uall -Jja-^J (300 3-iLi£ 3^vj j) ,_£j3 JjJj^ 
«Lul£jjJI CjLjJ3jJL!» 3jI flSJI 'Ls.j.i Jjij La-Lo i(l = SjjjaiaJI «L>-j^) LjjJj_u3 

2±£(jt 3itiv (jSUj .(20,75 SjUSLII 3-s-jj) ((^yJlfTj-JI Ji.ljuJ!» jt «Dikes 
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ft-rhmllg p$l&JI ^9 Sjji^II pJaJJI 



granitic 
intrusions 



5700 



800 1 



(0.5) 



0.0001 



level favorable 
for erosion 



favorable 
regional environment 



200 0.0002 



5 0.7 



pre-intrusive 
through-going faults 



near- contemporaneous 
volcanic rock 




■ ({^) ^}* '■ j«*-«^) jj^r^jy. p^^jj rkufw*j[1 a£~Jj ja ijr 1 - 17 J^i 
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tjclVhmUl clSSJI 

LITHO $mJ &»Ll ji 

^_1J1 ^ ■** U ~- \ I (j-u-uLiXI J^ I ■■■''" jJj^ILJI (j^- L_fl_tiuSjl (J£L_aA fjt>\ (J-* (J! 

^yjLl^SJI jJjj-ajUJI iS^LJSJI (JlLa ^ 3 La ' 1 I j^ie-i^aJ <LiJt.uIa.il ( __ h oIji>Jij tLajJjJ 
CjI_L_lc pjj u 1 r jVj" i »V1 CjLml jiitl oJl^j (^^SLxjj i (_yg.lt iSijI JaLJoillj 
Cj Lj-LseJLa ^ La 1 ulaj I fllaxq IJ Driller <_^LxJI d La 1 ul aj cLa-jja-" 1 nil j j Je 1 a 1 1 

.SuSL^SLt! J^Lt! jl <_,<! , „ ll J^iJL. ciij^u 
1 Schlum berger-j^vj^o^Uo (__,£ j^Ia (_g jdt P^ T^^yl ij- ' ^fltlj 

(_ T 5 4_CidL>- [_g > I II 1 1 1 (_ T ^.^J^_JJ>J 1 ^JLjul (JJU2J LlS Ol I uLuJJl 0JL& j-JUA <& jjfc 

i4_ji!jJ>j>JI L^jLojIsj L^jLJujj eLaJaJiX I 4^IjJlx£cjLo_>Ll1,I oJukJlLO a\ jjxlu-u\ 
J a ■ ■• VI f-LSJJ (J_i^ajLo ' a Laj __ T 1^. J ' a se i j 1 1 j^" Jj^lJI (JjSjj L^JjLtoj 
1 4 fl-LLJU, I Cj^LoLaJ,! (j_o 3-jLo (_^c .Xj_>_j Lo La>Jl£jj (__rjJI JukljjfoJI J^J_>J 
^jjJaJL) 3 JlSJJLI j-±£- (_^JjjiJi d J -^ ' aJ j^^-*- 1 lUj^Aa 4 Jufelj i iitl (JJaJ La Jij>"< i h a 

L$_il JJ^J (__rl!l t (3 ^*_i-iaJ 1 (jjijjLiA uajj (J^-* 3 Lh-" ??- H>^' a Jl^'i i n_ij 

j^»' ct^J i4 ^J^' c^JL?-' 1 ^ r 5 ^"*"^ U-? ' lV° ' A j^*vl (j-* Jri^ (jT^l /*-^>_*9 
I Jlj* (_£ i_2jJHI j^c. (_^o ^ hjJj l_aoU "(1 ill (^SLa-i (_j^>- I j'.^al ;t (jLp.VI 
3j_2-3 _^-3 L*Ui (_^c OJca-Tn nj 1 & • a 3 1 '" a CjuLu «L>JL*1, j La 1 iaj (j! (JL>JU 

Wireline i'II m II Ja >. J"^ jj'"^" 1 3JjL=eju Davies j^oj^ aL9 JlSj 
J£ jLpg.VI (^ j^oLJjjJI jii-Ljj i3JL>- JSLI lLlIs Jl»-Ij Jl\aj o^Jj o^ 5 ^°§ s 

cLSLiSJlj '"<j l^JI d)L*.^a dlij (^J I > J '"' a itilxje_JI »_Li3^a «uL>Ju 1 la Oj rt ^Jt> Lc 
CjLa^i«J,l (_^o 4 ri I" -^J, I pljj^l aJJt )«-<J^>o LoJJ£.j i7tJI . . LoLv pLjufolj 3^jLai,lj 

LITHO C*UijJ prf J^dMi^l J*l> 

/'^EMYCIN j_oLij_i ^^Lc ^LOiiVLi LuLul LITHO CjJlj;^^^! Jl2J 
LflsJLclj^ _j ■■ d '<> (j Mir (_yJL\II J uaAJI j LaJl) 3_L»-Llj^l JLcljill a jj-"i 1 nj_a 



218 



oxlJuaJIg pglaJI ^9 ijjjiJI pJaDI 

(_, I r 7j_oLJj_JI AaIkj iJLcljiJI cdJj (jJI 3^LiaVLij 3 ' ■ -^» T1 2.&.J.J 4 jo i n'l 
i(_yj>.jj^xjj j I j llj i(jjL»_<iiI 2 i ajj c taxonomic 2 j a j I i a " 2_3jj_a SJlcLjs 
(j_o jj_oLij_jJI (j^L«j ^^jlIIj cjI 2 j La II ■« I c j i ( _ T alj^vj j p T LiIlj iLj£ljJL>Jlj 

(ji LlxbjJLal ljj_3 .2 I -»-Jl1I CjLJLlJI (j-o 2 j ^ j <- _>^' CjLa^l*_a a1jLJ-"ii ul 

..j 'SjjJIj 2_p.^J^jj>J| 31>.jJ,| clu\£ |jj» (jJbJI JSLAILi Ijljj Sji^La i_dl_L& 

t«q Ji j ml ■ la II (jy-^t> <: Lj->- jJj-;tJ>J 1 5j j d 1 1 B ^_al_ij_Jl aJlj>"< i u a (J^otj t«, 
(j-a «j-^ (j-* 2jj j ,".! ,Ull J^iijl jjj i_l!jJlj» ^.olj^jjl (j2 SJlcLiL!! Ja .". " , ,,a 
. ^LjJj^pjJI «Lj^!jJ(j>JI Sjjaji (j-o Uj^>- 2 - I 7 (JSLi TcJajjj i4j^jQ]| <il».jji,l 



classes 



orders 



families 



genera 




LITHO ^tij j J JJ= Ji ^J juwu ^ ,j». 2 - 17 J£i 
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(j-a L4JI (J^tj JLSj (ji (^SLxj ^ylll iSijjdl SjlcLjs ^ Sjio^-jAI Lc^j (jrtJ in"tl 

(j-u <JliLoyL«J,l (jj^JiJ 3 - 17 (JS ni tcj^djjj i^LlS jjjJI I j^'a tj-aSLj (^-" 3 2 La i II 
CjIj Mir 3_lLw(JI aJJb fjJs a jLa-"i 1 aJj i«L>JI j;'^^ i-SJi^JI j SLLajj,! CjLjLlJI 
I S J c ^j n j t tj 2 J "1 1 u 2 1 ^ J 1 1^ (_p-a-> t_£ JJI (C-i-ujJlj ' 4 La 1 "j" rt ^_j_»L*_a (j-* 




jJVoi^'jII u-Ji j»-iy 3-17 j£i 

<U«frAJH <wUJf ^mmJI mmA 

Determination of the broad Lithological Structure 

(_, Ir quartzite j Silexite charts (_p_a S-^jLiia Jj£ Jl£L<il L4I jj~- .^11 (j_a 



jULlJ! 



r 



(- I c (j 1 — <-i Jf I (ji_i j_j_j_a-l! I JtAjju 



i(jLtXI (J jj 1 1 1 



i_2jjuJLi aJJllI! (_)-aJtJ jlj->4 (3^-*-^' (j -0 *^' « " " a l£>*"*' '^^J-IJtH?' 1 ^ ' 
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Jljlj L»j£ LgJLu J^txalll <j£U-i (Jill Su Per-Groups-L<-L»JI cjLcjju>J,I» ^Ji^. 

heavy, dolomitic rocks, J£ ^j La " jl <j£L<i-i3 -.^jji.1 <Jl)ljLp£.l i^L-ut ^^le. 

c^-o Saline rocks Rocks (Phosphates, siderites, Fenginous, limestones, etc) etc 

. (3 -17 JSLJo jiaJl) Histogram 3-i_-a-LLu.'Jl ,<u-uLi aLc (JjJlIi^ 

'■ ( _ T Jfc }Ha Litho /*-oLjj-l ^^3 54 /^3j 3jLcLfl£ 

,'/5 (^Jjijj Histogram ^s <((jjij^JI» 2 j mj c^Jl£ lil 
^Jauij (0 , 7) "LLsc-iJa (_,-* ' .' j ' ri^JlJt cLalaxI 4x-!jJL)l =LS_i_lJ1 (JjSj (jil 

. (-0 , 95) ^jliio j^tjj (0 , 2) Sj^tj .(0,2) Sjjit^a .(0,3) 



(JlLo SjijUo Lul-i Q3SJ V CjLo^mi oJUfc (JiLa ^\jjz ( _ > iajLjj , Logs (JjS-ll V^C, 
1— a I uK'k 11VI cULu T" tLcJ! (j-UaJI (_y5 I g-iL: ^p-tJ (_j^-^ jaie-LaJI Lil la ui I fl-ioj 

ijJl_L&j njLvjJ.1 Jy>-j (jyl^. Jj3 ^yllK Paleontology 3-jLvV! /oi^. jlj^s jl 
: Lga.UtXu nl tjS-«-! jl 3-3JJJ-0 03^ • J ° S^Lc (_ t jJI Cj Laj U U (j-o (_gjj>-i plj-il 
4_iLLa_L« (_ T J3 jj sc-AjoJI p'3-ll (j^. ^-^ri^ ' "jl*" ^jl\ (Jj-^^jJI (J^Lxj I J^-^J 

jjj «l^3IjJLj>JI cj Laj U II tjjSLj (jl_L>.2l Anita (j^j ,.U , ..jVI jjjj_<5i]| ^a 

(j^L«j dJJ j (j-oj iCjLLj^SLiJI j uajj (Jjj^v y-l'iMi nl ^1 (Jj^sjjJI ( _ T 3 j-^jj 

(j_o ( _ T ^v jJj_ij>J I j uaju] u^l (Jj^sjjJI (j-o 3jLc LITHO jt_oLJj_i (jSL<ijjj 
i-SjjLjj^ idil jj Ll^J^jjsJ I (oJLc <i3jj<-a j»JlC 3JLv ^3 ct^- SjL^-^I CjLo^Lla 
3j^.Lii! I S-lLj 4JI « JLl>- (jjv^jjjj*. jsJLc (_gl (jl_Ju 4JI_Jo» ^LLo LITHO jT_aUj_i 

. jl Silurian Lol q^3 3i^-jJ,l (jl ^1 j j mij graptolithis S^Lo ^^>-j (jl-^ '^1 

Ordivician 

(_^ CjuLioJI I j~U , uj aj ,_ji.Jij 4-iAj-i-uaj «Lj_ljT (j-a (_p (j-o (JjSjj (_yjkj i^LJ^i 

4-L>-l"rii nl JLclj^J iIJl>- 3^Lc Jl£.Ij^ t _yl\ (Jj^SjiU A JlJt'i 1 n" (jl (jSLxJ (<S-LiJ 

(jJ^SllII (jl^ lil 4i? L*Ui JliLoj .^oLjjjJI (_,JI CjLJLlJI (Ji-J3 LoJaX. ' La lu " 
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JLila-l i_l!LL& (jjSLj (3_L-u Q5t4-° 570 qm J&\ (jJ! *->-j^ I Jl». <uji) cambrian 

tlaJLJaJI 3-jJLc j j -» i a 1 1 (jl i_£^9 

(sLaJi-ii . 4j_JsjI I " ' I 2 2 " "' . LLjj) A_i-j I— Lj 5-La "■«! 
' JJ LjQ c * 4 ^i— ^J-^rH*' (J— *-'^?- a • «(_^a^5 2f I ' - 1 1 2 ■ la ( ^> c ' )> 4-uL2-ua CjLa^i*_a 

((JLajJI i J^Ull n_gj_oJI jjjcj>JI) I jA^;,^."j JJ~* '^^ ' * ' ■" J (J ** CjLajl*_o 

(^julo t^jju tCjlj_L3 i3jjL?e_La j^s_uo) 4_j_t_u_u^J CjLa^l«_a 

(* J mi" II iSjjJijJvl i4-loI i ii U) sLjjI^pJ 4-*-la13 

•5^1 2jJaJ|a 4_j£ljJL>JI CjLo^mi i-taj>3 SJlcLJS (jx. Jliuo ( _ 7 1j L"4-j3j 

2953 jul La 

l^uiLLJI jj^ulII ^ 3-ullxtaJI 3-L.ji! i2JL£ -I I il 

:jj-« 3Jl>-Ij «Ll>-^J^jj>J I Cj Loj U 1, 1 CxjlSj -2 j 

^yjiLUI zagros (_>"j>>-lj (*lj^»- jl *^PLfcd 3<ijU 

(=0.6) LlJj) (-0.6) Sj^tj fluvial 

LAGoon (-0.3) Arid (-0.6) GLACIAL (0.8- ) 

PELAglc (0.4).... 

• 5 n U ; 1 1 ^a 2 i im'jjJI a^-ujIII pl^JI 03^ o' JL<ci»-! -2 
deitric (-0.3) biological (0. 3)evaporitic (0.3) 
Plutonic (0.5) 
( -0,2) LK aJa^JL^o c^uJ 2 SUM I ^| JjIl^ JUjoJ iiJLlA -3 
(0 , 2) 3SUMU Jj^ J>>>->! (JtH- 1 ^ 3 JL4I0-I liJLui -4 

(Jj-ca^U ( _ t j-uLjj'2| aj-lL<1!I pj-ij (jyJjVI 1 _u ni^pJl o^Lcl SJlClSJI daj^jj 

201 SJlcLs 
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HALITE (0.2) DOLOMITE LIMESTONE . 



42&UI bill J^SJ 4*UJI yaJUalt (tt^Mrit 

«_l«j>o pu JlSj iNormalized signatures 2 j mL-ul JLSLJul ^j-cb ^^a Siih-^l 

1 j^'^ (-_3^jLLj jl aJl?-"i i n oil jSLxj L ^!-' e - J * *d^ ct^ ' " ' * ' ^ 33 ^ ~ q * u' Mil 

CjLjLj-JI SLasLtiiAj 2 ''j I 2 aj LITHO /^_oLJj_> -ajJljj i/^-au^jJI Jj< i""i «Liji 

jLuLA 5" I 7 jS Ui 7C_L£3JJ L4-UJ ' 4J-* J la -1 * (jJjLt-OA 4" I 7 jN Ml 7C_xId^JJ i< 3_^JtIiJ 1 

: ( _ T ji 4 j i n-i-i >J I ■ "" a t^aJlj tdjiii^^JI till a i nil (tiajua i±Ju 

l^p^ 25^ Jla <_,!£. iuliij 5 t . i>1_g ciLiLa-" ml j j t\* jjiJI jjlaLUI -.Plateaux 

jaVi ^y 

IjJLo 253_al in a u 1 r (jl '^ SJ jl 3-iLjj j 1 k" ^^IJI (jJaLUI :Megaramps 

jiVl ^ 

.^p^s 25 2, tj^i 7-jl^pJ S^Lu^s (_,!£. iLilii SjLtcjj-u! :MajorBeds 
.Jla 25 , 5 (j-u r^L^ <LaL^o ^yk. jl '^"' ji 3.jIjj :Mesoramps 

2 U , ,.lj ■ (_iJuSLILi «Clay Peak S-j-LjIs 3-«J3» ^. Lul-S (J3-0-5J3-0JI cjJjx~qj 

O * ^ .' (^-'(--^-(.1, 1 j^c aJlJ-" i iitl (jL<-uJ 4JLs Cj Laj U 1, 1 oJtjk (_y^ TZ^^J-d^ 

CjuLlJI aJJt Jt^lj (j- ^ .3_ajLSJllj 3_3LiSL!! J pl< i'iVI "i^-jJ '"" fl-i^a (_p-o 

Plausibility q\ nn-"inVl (JliLvjj <_ il utsej <»>Sj ^oUj^JI Lgjlg J i a ->j ^,131 
J£U Lxjjj S^ujjjJI A^jiuill CjLcjJiJ>J,j i3_,j,|jjj| c^>o 3^u JSJ Measures 



225 



tjclVhmUl clSSJI 

..8 Sji^la 

LoL>- 4jljIiI ^^-be-Lo ( _ T 3 cuulaJb iJJLlA l2jI£ I !il 

2< u<a SjJjjJI oIj^-^JI) 40API (jj» ^.st ^.IjuSiVI JoLiill ^jlx^^s j 

(jiia ^jlbe-o L^j (_gl "2 ajioj)) 2 2 la * 1 I (jj (0 , 8) (^jJS JL»H».I <_LJLufc q jl 

. 1 Jl>- ^j 1 <<•> 




(jLtlajij jjljLtji^i la-uaiaj 4-17 gJS mi 
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g t— j l— -i-"1 1 j Lcu-cJJ el J fl ' dj 1 1 Cj Lc-caJ 15-17 (JS-Ju 
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.SLJjjJI c^i jlJ! ^ Z1*^A\ JOSLSI -2 

cL_l_j^_3 ^_jQill $JJb fj\ c-ijLtliJl lIujjI Ju9j t^j-u I 5jL*_)I ct-^- J-*^ ^LalS 

3_jJLj_a Laj^Ji Clljl i ii U Jj-a- i n" LglLi ^2: /OJJ L ^il\ i_3j^JaJI (jjSu V 
P Ltaa. "I I mim (ji (jSLx-i L»£ lyl IaJ>VI (j-o TjjbjJ! ^iiej I oft 4JI Sjs-lLlIIj < 1 Jji 
L^JlSLo (j-o Sjbvlj j JLaJj (ji (jSLflj i! 'j~- LtaJI LjUa •"■ *-«-»• *lu T~ (_j-3 I i^ajl 
(JlLo LITHO /tJljuj i^Iki^I I J^ i»l ^juLo jii~ ^^3 (Jja- i m1 dU jjj (_,! i<i2l 

lil liUJdj //.1 00 S^^t^s L4-JI J-^>u SjljIJ ^f o? I^i5 ct^^ ^ -l 

cliLaj I < II Ol '^ a (jLa iLc 4^c_l1j I gjlg J-alijLJ i _ j jJI CjuLuJI I Laj» Cm 
( _£_>ji.'i/l CjLayL*J,l j \l <^> « jjLa 1 La S^tjlj I gok: Jlajju (_ylll CjLiLlJI mJj^-^1 

2^- uaJI ^l l-;-!^' TtjLxj ^i J-l^JjJI (^ Jl£.I I nl 

(jj^-JJ-U cLse-Lse-ijajl «Lje-ujJI (jjSLia iCjI jljJa 2 I (j-o l_>^" aJlstmi uj -2 



JiS^iil yU«u ^l-^-ai JU* UUc 

CjL^-jJlJ ^ La _■ j) 1 1 4_l>-L1JVI JlcIjJl!! <ic.L<-i^5 (jl 4 mi it Jia cLajiv L$j| 

. ,UtlC ^j !<• I .". * rj* 'A'.'-*, n (j-dLa-O^^S 3jLjj>JI «LlLcLo!I (jjiiii L^J (jl 1 ii-r"u nVI 

<>JL>J.I ^ S^ajL^ituJ,! 3_JValijjVI cIjLlUjlII (jl i3iii>JI ^j ( La-^J^jjsJIj 
( _ T i L^jJI (_Lu3jjJi,I /jjQill (jjSi (j-GJL>JI M£ (_;£ (jl ( _ t Julaj LoLx-i 4^11 mm a 

ijJLutj .4_iilL^I i-ij-cx-a CjLtLaJ^J CjLco^c^j . 1 Ji^oLj c-J Ljjjj 4_o-l»-u3 SjUJI 
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Suj-ajJ! CjLoj Unll iiJjJ_iil aIjls&IuiVI 3JLv ^^ iJjlj! MjUj I iSaJ? 
l_»iaj| 4_i| mi" j l_<ii i/j £ I '"II UajiJI 4£& «_o i_Jl2JI («-<-uj 4-il mi"j 4jJJj>JIj 

pLilj ' _iJaJI 3JLv (_ya (_>iaj^xl! .(j^kuij (jJI Jj-3jjJI ^yjl^ill 1 3 Jl^JI tJjSLj 

p fl*t jl «LujJ,l j j 1 a 1 1 (&43 «_a Li-jL^s L3^ii>-I CjIJLijIsjJI ojui I %1'^'j 

Pattern JLSLiVl ^.Lc l^jjlIJ!)) Vjf 3_la2jJI 2L>JLi_U ajj Ll^ <a}KJI 
I j_4 <L>JL*-a dilj jju (<ujj iSj altall (JjS^ j-jc. LAjlqj LU. a (recognition 
4_ujJ,l jj.ia.ll JlS i"ia 3_aLc <i3jjLo MIlo aJlJ-"i 1 n"t (jjJI Sjj^aj (jj-ksj ' djuajjl 

5JL>- ^yi «ljI jjJl23 (o^JLI <j-aj iaMSLII JlSLiV <LJV.s jl 3_u_£j3 3_ajji_aj 

4->JL*Jtl (_y3 JjIj JJ-iJ 4_l2jjjiI 3_j^_ajJ| Cj Laj U II (jjSLi ^ULo Ll>- jJjjjsJ I 
. I j j a j laill 1— ^cJ (_,jJI 3_j.Sj_i!| jj~- <^»tl fljJI JjJi^tJJ JjSLLJ 3_j.jjl*J| 

*_aIdjJ (jl j^^- 4 - 1 C7~*"^ 4-S-UJ s1j_^>J1 (C-ljJjJ (jl I aStU 1 u Jl 1 jj-UJjULa jj-uSjtJJ 

i«LuL^r»- VI CjWjJI (_>ii*J /j La »" jjia i(_£jJaJ (jjjL-ol I Jl^J <j-"Jj ijtjlUJI (_3 

Ijjj) :Jlui lil mJJlI! j-ioitil 2u^!jjJL! Sj^iJ! jUsO?! 1 .lr I ^ Ji<u Lg-SDj 
liLiS 10+ j in-^r 1 ' t^j" '"'^j . ^ o^*.'^ ** ""' a yj ' lj *"' tj ' ^ '" ' . ' 

. A jK i"i j-^c 5>SLnj| o JL& (j I i'l i"i Vj S (_J^S3 

(j a j ie iSljJ 3_^c!jjJI Jl t~ VI (_^ cO^' '*'^ **- " "-^Lj-* LilUwa 1 2 1 j la c 
j_laL>J,l <-_) 1 1 11 ->J ijJj_LiJI (_5-3j i3-J^-pJI LLS-^J^iaJI (_5-3j iCjLji]! u^slj^a] 

^j i3_JUI jiaUJ.1 (_j| in-»J ti]jjj| ^j i^jjjjJI Lo-^J^^I ^j i5uIU! 
3_p-1_lII (j-o L^-Lso 7j_olj-JI - la c 1 j 1 laSL&j ..cj^i^LJI JjJaLj/l 2M_i .^»t J^ill 

3_Sj_»i LgIijjLa-"ii ill (jylll /j-olj-ill 3^.j-«ja-o dJLi ^Li (_A (jV I (_ji>- 4jjL»jJI 
1 " 1 1 fl-i a I j a (jjiLiil xcon jjjJUjj j>Jiju (j-aj Rl^-aujj jjilo CjLujiLaJJ (JlLiscjJ 
.CjIjljuII ^ SJlClLuj^ XSEL ^oljjjj VAX Jl 3j^>-t 
*L^JJI 3-^j-<i j-a ELF-aquitaine 2 _. . .. jj a II 5-$j ui II c^jJLil JlJsj 
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5j_j_l^JI 2 -i tajVl JL»>I rLlJl (j-3 Teknowledge 3-iSLj^oV! Cy cl iia -^Vl 
CGE <i£j-Jo 1 1 n't^a /_i LJL»- Jjjju L«£ <jLiVI j <*"*■ cjLA*c <-i Sj^.1 moll 

(J j 4 i* "j (jjjl—Lil (JLljjajJ SSjji /j_olj_J «L$jLSla py_olj_i «Lb ( _ T 3 CII SSjji 
^ jl LJU- S-oJiit^-cull 5-^.1 Mr^lt 2^-vjIl /oiaJjl I -17 JjJl»- ^gjIseJj 
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1-17 Jjj. 



Feigenbaum (1) DENDRAL 

Buchanan (3) META-DENDRAL 

Wipke ( 17) SECS 

Gelernter (18) SYNCHEM 

Bundy ( 19) MECHO 

Brown (20) SOPHIE 

Dincbas(21) PEACE 

Brown (22) EL 

Novae (23) 

Langley (24) BACON 

Bennett (25) SACON 

Duda ( 9) PROSPECTOR 

Bonnet (13, 14) LITHO 

Davies ( 15) DIPMETER ADVISOR 

Hollander (26) DRILLING ADVISOR 

Lenat (28) AM 

Moses (4) MACSYMA 

Hcses ( 6) REDUCE 

Lauriere (7) SNARK/INTEGRATION 

McDermott (29) RI, XSEL, XCON VAX 

Bennett (30) DART 

Barstow ( 31) PECOS 

Manna (32) DEDALUS 

Green (33) PSI 

Rich (34) PROGRAMMERS APPRENTICE 

Blazer (35) SAFE 

Descotte (36) GARI 

Nii (27) HASP/SIAP 



l5-_jl>_" ill ^ p- 

is* 



J 1*1 



rjIjJT 



ilj-l^ 






M9 



WW 



(I) Feigenbaum E., Buchanan B., Lederberg J. (1971), On gener ality and problem solving: A case 
study using the DENDRAL pro gram, in machine Intelligence, Vol. 6, New York, Elsevier. 
(2)CarhartR.E. (1979),CONGEN: An expert system aiding the structura chemist, in Revolution in the 
micro-electronic age, Michie (ed.) Edinburgh, Edinburgh University Press. 

(3) Buchanan B., Mitchell T. ( 1 978), Model-directed learning of production rules, in Pattern-directed 
inference systems, Waterman and Hayes-Roth (eds.). New York, Academic Press. 

(4) (4) Moses J. (1967), A Macsyma Primer, Mathlab Memo 2, MIT Computer Science Lab. 

(5) GeneserethM. (1976), DB: High-level data base system with inference, Memo 4, Macsyma Group, 
MIT. 

(6) Hearn A. (1969), Reduce 2 users manual, Stanford Al memo AI-90. 

(7) Lauriere J. L. (1982), Utilisation et representation des con naissances, RAIRO/TSI, 1 and 2. 

(8) Mitchell 1. (1983), Learning and problem solving, IJCAI-83, PP.1 139- 1151. 

(9) Duda R., Gasching J., Hart P. (1979), Model design in the PROSPECTOR consultanat system for 
mineral exploration, in Expert systems in the micro-electronic age, D. Michie (ed.), Edinburgh, Edin 
burgh University Press. 

(10) Konolige K. (1979), An inference net compiler for the PROSPECTOR rule-based consultation 
system, IJCAI-79 

(II) Hendnch G.G. (1977), Human engineering for applied nat ural language processing, IJCAI-77, 
pp. 183- 191. 

(12) Reboh R. (1981), Knowledge engineering and tools in the prospector environment, Techn. Note 
243, Artificial intelligence Center, SRI International, Menlo Park, California. 

( 1 3) Bonnet A., Harry J., Ganascia J.G. (1982), LITHO, un sys tern expert inferant la geologie du sous- 
sol, RAIRO/TSI, Vol. 1 No. 5, pp. 393- 402. 

(14) Bonnet A., Dahan C. ( 1983), Oil-well data interpretation us ing expert system and pattern recognition 
technique, IJCAI-83 pp. 185- 189. 

(15) Davis R., Austin H.. Carlboom I. Frawley B., Pruchnik P., Sneiderman R.. Gilreath J.A. (1981), 
The DIPMETER ADVISOR: interpretation of geologic signals, ICJAI-81, Vancouver, pp. 846- 849. 

(16) Van Melle W. (1980), A Domain-independent system that aids in constructing knowledge-based 
consultation programs, Stan ford University Heuristic Programming Project memo 80-82. 

(17) Wipke W.T., Braun H., Smith G., Choplin F., Sieber W. (1977), SECS-Simulation and evaluation 
of chemical Synthesis: Strategy and planning, in W.T. Wipke and W.J. House (eds.), computer Assisted 
Organic Synthesis, Washington, D.C., American Chemical Society, pp. 97- 127. 



230 



ft-rhmllg p$l&JI ^9 Sjji^II pJaJJI 

(18) Gelernter H.L., Sanders A.F., Larsen D.L., Agarwal K.K., Boivie R.H., Spritzer G.A., Searlman 
J.E. (1977), Empirical Exploration of SYNCHEM, Science 197, pp. 1041- 1049. 

( 19) Bundy A., Byrd L., Mellish C, Milne R., Palmer M. (1979), MECHO, a program to solve mechanics 
problems, Dept. of Al. University of Edinburgh, working paper 50. 

(20) Brown J.S., Burton R. (1975), Multiple representation of knowledge for tutorial reasoning, in 
Bobrow & Collins (eds.), Repre sentation and understanding. New York, Academic Press, pp. 311- 
350. 

(21) Dincbas M. (1980), A knowledge-based expert system for automatic analysis and synthesis in 
CAD, Proc. of IFIP Congress, pp. 705-710. 

(22) Brown A., Sussman G.J. (1974), Localization of failures in radio circuits, a study in causal and 
teleological reasoning, MIT Ar tificial Intelligence memo 319. 

(23) Novak G. (1977), Representation of knowledge in a program for solving physics problems. IJCAI- 
77. MIT 

(24) Lanley P. (1979), Rediscovering physics with BACON-3, IJCAI-79. Tokyo, pp. 505- 507. 
(25)Bennet J.S., EngelmoreR. (1979), SACON: a knowledge-based consultant for structural analysis, 
IJCAI-79, pp. 47- 49. 

(26) Hollander C.R. Iwasaki Y., Courteille J.M., Fabre M. (1983), Trends and Applications conference, 
Washington. 

(27) Nii H.P., Feigenbaum E.A., Anton J. J., Rockmore A.J. (1982), Signal to symbol transformation: 
HASP/S1AP case study, the Al Magazine, 3,2, pp. 23- 55. 

(28) LenatD. (1980), On automated Scientific theory formation: a case study using the Am program, in 
Davis & Lenat (eds.), knowl edge-based systems in Artificial Intelligence, New York, McGrow Hill. 
(29)McDermott J. (1980), RI: an expert in the computer systems Domain, in AAAI-80, pp. 269.271. 



25 



ftft 









uLsJI a1JlJt"i ml J '^ fl-ll Ij-A (^ JjLlIJ 
j_ui (Jjjji^tjj-ul JlSj .(jjijjjilll ( _ T 3 SJjIjla A Ij i ii^S 
oJl^J 4-jJl_<JJL1JI jiaal (j-«-<i3 /o-killlj /j_o!jjJI (j-° 
(JSLcuil (J^L>-j CjuLvI ^-olj_JI »'*jr aajjj . SjLiJI 

Alajua (j info ^LlILjj ij-iSLilllj JVj"ii nVI ^Ir ! Jl>- 
. I j . uALi (Jji i nil ojui (_p «Lul j SjJ^S 7?-°L>P' oJuk 
-(Jji i ii 1,1 (_,i^. 3jjJi!l <_>-aju L$J pr_olj_JI eJJb J i a 3 1 j 

L^jSLij iIjl>- «_<ji!^JI LaLulaj SjJlJLII ojuk Li^c lil 

3_lII (jx. I i J " jjej i •■"' (_^l S^jjlII 3ji£.LJ3 J'^"" V 

iJr J\ I o ;j o (la t i * '^* II ^j-* (J * *** j L_4_a * rt S ge J 1 1 

/j_olj_i #I_lj (Jj^iSl ljui ^^3 7-j^uL> IJl^Jj .pr-oUj-JI 
. 3j_laJ»JI 2 ^ t\WI jlj^. ^Ir /oJjuJI 
4_Li jJI /t-olj-Jt IJljj itbi UlZllI (O-Iq-ljI (j iiS» JJ 
/T_aLjj j I I JljV «LJI «LLjL2JI «Lj_u3j_iJI (j-o jajLui! 

Ij-iLS (jj^J (ji "-t^J L<i£-J}jJ3 SJlju Lxjj-I(j< i^n^^Hll 
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tjclVhmUl *lSiJI 

aJ*$l (ji^i ij' V?%J '- <4 ^ •i—JUaJI L^jJI (Jj^sjjj (_ 7 jJ! J^LsJI jJLij f-^-* cr^ 

4jja_ul^pjj/! (_jJI l'>i^ lil (ji-uLalj (JjSj "^ "-^3 iSjjJLcj I aSJie a CjVLjco 

4_oL«JI £j.jLJ,I (_>^i*j f-^><-> (jl (j to ' U (j-o jJ-ri 4_lSLIj iCjVL>JU (JSLI 3jl».Ij 

ulUal] 3jj_co f-^J (_j-^ tlx-ij-Sj 7?-JLjJ AjLa-"n nj (jl <£l£jjusj i_JLLaJI CjIjJlS 

.^jjij^JI jaji»i!l 2jUr «Ll»-jj ^ 2-ojiitluJJ ftjrW i^Jl»-! jtjj-all profile 



•.^'Vl ( _ T 3 ( _* i nL>Jl 3Ja i ulj J jojLuJI p^oljjj SjQjii! «LSj^LiJI (j^aie Djj 

(JjL>o (_,!£. ^-oUj-JI SjJlS aJjJ lillij ijL-aii-Ll SlL-u^l (_,!£. L_c-L3=J (_gj.ll 
iSjjju-a^iiil -Llo-lU-j 3.}Lo (^jla^c (^ pr-oUj-Jl j o" i n_i Ij_l>-Ij 4-iJt-uIaJI 4iil! 
(_p3jjtjj ' . Jl LaJI 3-jLa-l (_y3 Ltajj I ij-U-i ji i3.je.i5e.LO I . JI LaJI 2_iLvl C^Jl£ I jl 

.S^e-pe-c^iJI 2-iU.VI 

seymour pa 1-Cjj_uLi jja_-uJ LOGO ^»-jJ 2_2j^]a Lla (^jju V i_ajj-uj 
spontane ous learning-^LaJlI! ^aJjiiLI Piaget lIxj^-Lu *l$j *-fa ^^lll i ' pert 

Jl ^UVI CjIj JlS 4jjj-uJ p"'J.' T3'^ I J-* (j^ ^J-I^J .2 Uj-^t I 4!llJI *_o J«~ I flollj 
(j-a ^^iSI I 3 '"* (jjijjju (_yjJI jlSLa^l «_o i—ijLajj 4 Ij i uj rft^SI log Ij 4_j£.IJljV! 
sz-i-uj ^>-^ ^^J^ 2 a! JlJ>" < nil (JLflls^U J^ ^ -a-La . cU_L»_a 3^La A jlxl i cLal o" ^1 
(oj1»jJI /j_oljj (j n^r 7y_^_Ll1 I Jui ^ a i "la (jl dJJ ji /j ^_; i "j 1 1 ' fl-JUj CjLv^JJI 

C-J Uall (_, J I I nil )«_Li5^Ju j-;l-<UJ (_j^-II 2jJiji2llJI 

Tj-oLij-i (_,JI jojJjuJI (_y3 ^c I 'U.-^VI t l^jJI i_xjJLij<l aI JlJ-"ii nl 2jlja J5JUJ 

Sj^cLa a\ jLa-'nilj i2_uji^JI 15Lj^1 4_j£ljJL»- (j^ijjjil! scholar jVj S! . » 

jLSLs'^l (j-«J « '^1'" d 1 ^ i n a ^j -^ j . a ) J^j?c_a (JJ^J ^J (_ 7 ^J1 4_i^1^Jl>. <13jJt_a 
(ji ' _ • II La II jl jy-oU^oJI (j^ (JSL! (JjlxJ,I (j-o «U| jr_aUj_JI I Jui (_y3 3JjJlJ>JI 
t_JLkJI ^ACu SOPHIE (^jJ-a ^^JJ fj-2jj . jI_jjsJI (^3 Sj^Lfll J^-Lj 
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{3 fi}\ ujuilaJI 6JXU1I9J ,jijlij^uJI9 (jcLikioUl cISUI 



-lU-^t ,JjL>o 3jj,Ijj ^yJI 3j_l>.VI i^jIjJjjJI (^a cjjmljJI «l>oI jlsj .<d 3-ajJjll 
^^LkJI *LLil ± J u (j? (5) BUGGY ^^vL ^Ij^l^I j^lil jlj .^jMUJ! 

S >) La a » Uaj. ? (jLp.'i/l <_Ac.i (^ cljl£ 5-ulj lu r Vj? CjJj (_yil! 3_uLcu^J! 
4jjj^3 c_iL«J| Cjj^Ls JL3j .<_!^LLaJI (Jj£ (j-o 5-aJiJr" mil «L2j^_LiJI £^c C^seoJ 
fJLc P ljJ (j-.ilj (^iJI i-lLi-u.Vl (jJI J^jiU WUMPUS (6) ^j-yuj Jiu 
(7) WHY i^lj L^oLijjj^Jil L^.^^liai oL»jjl^VI U^M-It ^Ijiica^l 
ill Ll_-^_lj l^p-m 2 I j (^^Li- pj-iia^a (jjijjjij (j^_i (£j-al\ GUIDON ^jJljLvj 
' _* II La II » U~ , uj joJ I j|» :Jjjj 3_oLc SJlcLJS ^lila 1 < 1 1 '. j a . ( _ ) _uJjJiiLl 3_oL»JI 

^1 WlIcJI ,jpUI 



i^uUII <w$U#d ^ Jt |8.1n7|» $*l^j uLijj* 



(9) 



UJ1 4Jjbw f^LOJl g-alj^J v ; ^bJl daJaaOll I - 1 8 JSL<i J-^JJ 

.3j_ii-2l cjIj i 1 nil 




J ;LT -Ul g-ljsJI 1-18 JSU 
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tjclVhmUl clSSJI 

(jutj ^ 12111 jjU'tl jl>.| <— ^=-j 4JI ^£jj (jl LuJl^. tjSLJj l ??- H>P'j aJlJ-" i nil 

(jJI (__^=L>- «L>-3J LlA j_ulijj . «Ll1j_l1I «L^>-IjJ,Lj ^-aUjjJI JJjl_p J-i^. jl j"r VI 

cursor 3_JuLSl!I j_»ij_a dJL^tll «mouse 3jLi!!»j lIiLojj-ujJI a! JlJ-". ul 3_ul£_al 

i i i l^"" Jjj-k (*' Juseli < ul (j_« p^j_uij J J i ■■■ IjLjfcj 4«L*IuLlaJl (j_« -ij-i-) jLll>. 2 

idujUfAzll CjLiill ja^a^^S lixjcxll j o~ i uj (jl Ujt-i i_*3cjj 4-^t-^LkiJI 4jl!l (Jjijso 

J*_olj_> J JJ "3 "' ' ' , ' I *•" "' " (0-<k! <LJI JJijJ V-4_lIL>JI LI^jjLo J|JJl>- (^-(jSDj 

^liif jj-la aI JlJ-"ii nl jji ' -1 j I La 1 la (JL>- (_£! (_3^-J .in nL>JI SJjIjlaj jajltjJI 
.(jjiC.1 ja^S (jJI Jjj-o^i! r«_JjL!lII JL»-o (_y3 LaJlSj 
;*-alj_>j Sj-LjLiJI ^ i laJjf I Ljjfc !(j(*Mi iuJj (j-OjLiibj (_j^- (J-t-anJI I JL&^S^jj 

.jajlajjl 

in nL>JI SJjIjlaj jajltiJ! ;*-alj_> (jl (J-ua-flll I Jui 3-ojJLo (^ u^£i jjuj JU3 
(jl (_, mi 't Vl t_ija_j «U| VI i Ll^j Ja Ij-ol L^JLa-o ^^3 3>f^i- (ji^ O' '-r^t 
, i\l U 1 1 I j . , W> (Jill (JjI i nil (J^- » j T— .~. . ..' V SjJijiSjJI ^oljjJI ojui (j_o j_uSL!l 
£L^aj_iiI i'Ij i ihj 4jL1 jaJjtll Bip <_ *-U jubjj »_;'^" i uJ 2 ^Oj^S i Lg-m-a-Ll 

r I la a. I •» j a i <aj (_ji£. «GjJl3 (j-o j<si.jJI (_ji£. dJj i iuj 4jlLi L*-ouj_i '-j-'jS-J (jl 

(j_« j— j_lj>J1 ^_«Ljj_lJ1 (J-S-« C l1 (jl i t^e_J Lil . 4J 4_«jjm ^_«1^_aJ1 (_^3 4_LjJt_a 

^ry . ,. i< J j , ^ JS II . 5 j 1 1 . 1 1 t_JLkJ| oIjJlS jUk:VI ^ I jii-TiJjLJLI JljJjJ 
i-ajL^JIj 3 ■ . . ^. 1 1 JaLSJjl ^^ JU^tlll i^JLoj i3jl3jI1,I '"'I Jjjxallj t_JLLaJI P |j| 
CjL«_lL*3 JLLd '"' (_7i^. Ij-il^ 03^i o' S^^ "-"^ lgt laacLlI tiJJj (_y3 jcjLtlll (j^ 
(j nrii_) I (jl->- (j^-*J (jl (jJ^- I (j ' .' S (.^l (j- 3-ijJ>-^3 ^>-"l (J- > '- tu - J-*^ 5 J-' O^J^' 

. 4 d > ) ^ j I 
4-U-j-ua-fl3 CjLiL^-I p Lk^c j (_yi^. Ij-iLS j-ijiJI jr_aUj_JI (JJ-*J (jl i-jjajj 
(Jj-Sitll dllij i(_H>JI ' " 1 1 J la "- 1 LiiDjLcj i4-l« uaJI JaLSJjl I Jj*> Laj^sj^ i4_u^a 

.5Jt!l .JiljukVl 

.jj_oUj_JI (_pe-l i—JLLaJI (J^- Sjjiio - 

. tljs Ljj-^j I «Lajj_Lij L$Hj j 1 2 g * t J LLiJ 1 (Jjv cL2jj_13 ^cj j_2j j ^jjj Ll9 - 
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{3 fi}\ ujuilaJI 6JXU1I9J ^plij^uJIj tjclVhinlll elSSJI 

(_JJljuj (ji » U" . uj jsJj 'T^ - ** LaJl j I 1 11 1,1 (^ I Ja (_g JJI <_JLLaJI 5jml ma - 

. (J^J I ^^^ «LLjjt_a «lL>^_a 
4-j_ajjlj^>JI jj La II (j^_j *_a-^>ill /j I c Ij-iLJS ^-oLjjjJI (jaSj O' t T* j: ?i3 

5x.j 1 nl 4_loJjI^>JI Jjj LaJI a Jij-"i 1 ujj . ' flSljJLl tlllj Jio (^ (Jlj-ifujJI Jiitll 
^1 tV,, ,, V j U,>.i Lajjcj .(_J^>.| 'L2j^Lij ( JjLjiJII (J^- 4-ol£Lal aJjl! ji jLso^l 

(_pLt (j-U-a !_gj "1 ma 1 ' 1 1 '< j a ijT_aUjjiI LSSLc I JL& J-p-«J 2!J • (3^*-° 3j ' * ' 

.a\jjCa (ji » jU" , ,,j V ^.aLjjj j| (jLcujI 

i_aLifu^l (_,lr 3jJl2JI L^jjJ oj^-* o' f?- '^-^' " j^-I l£>*"^ oLALalil tj-aj 

aLlJI t_JLLJI < j'a (^ oljjj (^1 1 at uu^lj iSjljLUI jl 3 'j La 1 1 -lU-^Vl 

(_, I J U" r-jj-a-l -SajJ-J dlti (jla^lflJJ . f. LLaj. 2i I ojui (JILa I j*** I lu m Jl3 (_^<-!l 
tfLu-uAlU Cj1jL»Ii£.2l (j_a JLifl!u-uJ (jl » ^l-^" 1 ■■ * AjuilLa 
diuj"n na^^i^. '"'Ij^ 1 aij -I Ufl ( _ 7 1^. lj.}L3^_aUj_JI (ja^J (ji t_*jaj l^ji-lj 
(j^a 3 I hi I 1,1 JjLtuJ,! lJJUxJ J-3. (^ £_aLjj_JI *jLJ-~ ml liLa . 3_illie_a 

j-<k ((3 r - I iu,» (JIJjjJ (_g^L«J! i_jIjj>JI (jj^j ir - <-- l_i <— 1 (JlLa oL>.r( MrnVt 

/_^ (_j_iLiL!l (JljjjJI yju La-yJ • «! (j2 '-r 1 '^?^' 03^i '4j->i-> liLL»J i«<^J <j^ 
(j I 1 nl (j_a VJlJ «?■» (_5-i^- «t— !» (JjJ liLi 1— 2jju (jl JlJ^J i_JLLaJI (ji i i\c al 
^_3 j_j , ,, A" ^1 Ui~| i_3j|jJilJI ojuk (^ lj^>- l-JJ-uLLa (JjSLj ^jj . /tjQiil /alij/ 

.jjIjj (JSLJo ^^a cjLcjju>J,I JiLaj dij-> «Ven diagrams (j-L3» CjLaj^j/j JSLJo 



JlJcJIj (jl t_^«-J i^JJI u^i V '"ill J-<k 7?-auj-Jl fd 1 <a J (_gjjl (jjjjjJll (jl 
«Sa_iLvVI (j^. S^J. ^JLLaJI f.\ La c ^ CrmLUI CtfljJI Jji La» Jla v^jljl^S 
3Jl£.I 1 iiollj « S LLaJj I (_y3 jlj o"u 11VL1 ' _JI Lall 7-1 1 nil (jSLaj i_JJ^ (_gl (j-!l»jl 
(jjjl (jjjl£ ^j 1 nAill '"'Ijj LaJul (j^a 3 'I flj 1 "> I (jix-l i(_pl Mill j>JUfc jjila (J^. (_y3 
.i_cojUJI djjIjLAJ (a^AjOJI (_yi (^I'iUi^VI al^jJI a|jir",ml JuL=tjV 
r'io-aj i_iJLLaj| (J-&J (_y3 J->-JJ aLJl ( _ T ji 5Jj j ? 1 1 j 4jLjLiuJI d-uia^ill (jl 
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tjclVhmUl »lSiJI 

SjjLi r-j^o-iJI \jJt a Jiir" i n_) «Glj ' ' J ; ' u-JSj (jl Jt^Sj^J lt^' tHiljL^JLl_j 2-3j toll 

(^laljj^l UjU jjkj .r JjjuJI tf^J^tJ terministic behavior ide-t_JLLaiI (I aim 
iL^ji i n"iSl i_JLLaJI u 7 i^ (_j^!l CjljjJill ijjjus ?-j>jjiill (_y3 (jjjjjj.1 m£>^9 ,U , „j« 
/o-i^. j-kj «L^>-j <j-«J .(j-ojjjajl «Lpt_u1^jj_u1 4_l>-^lI Ajbr" i u 1 (jl (jS-4-i *- 4 - 4 

Arguments jjJl^JI J*v mi* t_JLLJI oljjJL 5 U ,"j 1 1 jojJLI! ^La iCjLo^LiII 

V mJJJIj t_JLLJ! (j-AJ (_^fl u La.|jJI r-ijjiill t-i?-^ >* cJLLJI CjIjJLjJ 

.4-1 4±al£L!l LuSjjw (jy^JJ 

^Uij^Ii ^a^L^r" i u Ji «U-idL>J1 4JILa 2l «U_u1jJlJ (J^j i n t jl (j^-3-> 3 J 3^1,1 ^L^Lill 
<_^>-jG (_ 7 ^Jl y j if->1ji,1 (^-aLv 4_^^J /ylal i 3 i uJI j1jj>JI i (_i_ul_bj . L$_L« 4_«L*j1 

tiili Tciiajjj . JL>JI (^ jjiuLtA jjj L^J (2>SLj <J (jlj i2 jjj i nil cjLJs^LtJ! I j/** 

("8) 

Jjj^s^i! ^_j"l Sill L^tlg (j-i^ 3-j^LJujI SJlcLS 24 (jtajj jj' a i Cellins j_uJj£ 

^^Jj Loj£j . jj^l 2x.ljj (_jlr Jx.1 i n"t (_jjJI i SajJaJI ^1 i " 1 1 a La -^ SJlC J^ii- 

(a) (jjjjJil (j^_i j_oLjj_jJI aIJljJ-"m nLi 0jljj».l (jSLflj ^^jisljll^l jl^>J Jii-a 

.((J!jj-u (_p Jju (jjjlj^l (jlj 4jj-uLU1 SJlcL2JI » i iaJ j i(Ja) i_JLLaJlj 

^^LH^ (> "• ^ 

)aJLLA liU: f 

(t-jLujj^l (j^: JLjjI : 2 Sjl^Ls) 

liJLLii Sj-^j ''Li- J^j^ *l" :, -l 3 

^^JLjVj ( _ t ^ l_CJ|jj_0 Ijjl ijjLLA (jl J 2 J » J (J_<k (j-SUj . 7T-JSX-U3 \jJt :a 

.(mJj^-^I 2^Jj ual\ J^I^jiJI jt-LiisjlJ I .^al ' * VllLa iJac I : 6 SJlcLS) 

(t-jLujj^l (j^: JLjjI : 2 Sjl^Ls) 
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{3 fi}\ ujuilaJI 6JXU1I9J ,jijlij^uJI9 (jcLikioUl cISUI 

i'j-A, qjj& jj^rl 3_cljj aJ_«J (jl 1 j 1 n J-^-^J (j^-li 'J-riAj *^-° "-^LiA : '-^ 3 
-2_j_al£ 2_».jJLi 2 se 1 a (j^J^I (j' J-2j£.I Vj 1UJL-3 (j^yj j-Lcll • 2 5 U ; 1 1 

i_x^cj J^^l (_,lf j\ i«ULj L$Jslj-c.l »_.U" . .."I 2 -> t- , .. « ^^j'i/l (jjSi (jl 1— xjsj 

5 oWy o^ '■ i '- a '(IAS *f 

(Zjj^julg julL J^IjjlII mj! (JV-^ I ^ ■'•"' Villa aJlJ-"ii ill : 8 SJlcLs) 

jJJ ! 

2 j j j 1 11 2Js^Lc i_JLLaJI 7-j-<i lij» '-^V! ^-r^i^ 1 ?-^' j-^J^ L?- 5 ^- ij- ^ 

.((2JUJ! jjfc Jla ^ 2_3>L»J| *jJD V lili, jLuilj .2 m^Lua S-^J.aljJ! Ij^J 
(j_o *U,I jjejjj)) p_aJ (j-o CjLJS^ic ,j-o 7j_oLjj_JI I *' j t 2_3jjlI,I 3ji£.LJ3 (JjSJuj 

ij^jj '-^p- *4jjijLJI (_j-l! 7-u^J! (Jji-ii 1 . 1 t->jJ I sl^JI J S3 Ij (o3 ij^tjJI •» La 1 ■■ 

^j t mi (^>-a_» (j-« 'O"^" '"' ' " J ' 3ji_»_jlJ1 0Jl_A (JILa (jl ^ * LaLSIjI jc_jAajj1 «_al^_) 

. 7j_oLjjjJI ^^3 ^^vjJ.1 ^VjJI JjiuuJ! (j-o 2 .^»ly. , „ « I j '.< Ij ttllj-a- 1 n" 
(12) 

3_mjlSJU West Sjjiil Brown (jjl>i9 ' Burton (jj3j_u *1jlJ-"uhI (^Jajua 
l^-a 2_uJJ| „jufcj .«3*LlJI *Uai.VW ibj^LJ LlLu_Lj Vila (l3) PLATO fr» 
i_*jaj tix;t>- f<s-l}tj-uj (J1_iL»j L$J "T 'J la '"■ 11 ^S>J **^J aJlsbjjjiJ (_^II i_jJ(UI (j-o 
(jjzj^j iSjjl jJI (J^>- Ai I Soli J}j_LaJI j ' a 3 1 jlitjlj (jjLaSJI ( _ T 3 pjJSaJI <_^JL>o 
LaJLa-" 1 11 a «U ^L>o tLflJ^Ia mJLj al£j2| x_ojaJJ CjIj^ CJ^LJ j_AjJu L-lCZ (_p 
(j 11 j Ij . I 3 a J axj 1 " (_jjJI ' " ' I j la "- 1 1 JJlC j^SjJ 2jjL»JI 4_ui 1 n-»Jl CjLlU-«JI 
jLjcjI ( _ T jk 4K i"ill j ■■>;■•■ uaJI jLi>-VI jjfc jj£ 2 ! ^JlaJI QjSj (jl 5j)JJ i^jJIj 

4_S^j_o j-;LC. 2^^>. 1 U .",.',K\ I nK^ i2_aLi cLlq-iLlj 4jjjejjI^ILjiI j!i I '^*„'' >4^ 
tLlIaJ. ^1 4_!_l1JI ,j_o t_^:MJI (jiLoJ liJVj So^ q^*.' "*JLa it-x^MJI £yi 
^jjjjj , 4-Lo-i.ltJ «Uj>J L^JjSL! IjJijj . S^LtoJI f. Uaj- " L i"m 1 u I Jl^Jj i/^jjJlIILi 
i_x£.^UI 2^j^v (ju j^u^ 3j^ <-iiLj-A (ji^i LaJti^. VI (Ji-JilII j^J^C- I J-J-o jaim 

t_JLLJI r i>«J (jJJ j la " 3j^JaJ 1 Goldstein j Carrjl^ cjJl^Lj,! JlSj 
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tjclVhmUl clSSJI 

(jl jj-^-4-i <Ljj mi"Iij3 .^_uj>J1 4j3j_*_«j Cj1jl^_« (j-* <LAaj_uja *jj ' -^ ^1>-1 JJl 
eJJt «i_2jj<j» (j! /j_ou^aJI (_,i^. i-jjajj . ^lilaLiJI Ji^ljill a! jJst'k ul (j^ fT 'J 
iL^j>JL*_j (_5-lI! (Jji i ii U (_y3 jj; fuuajjt I J « i iaJ (jlj i^jlaLiJI JlcIjJl)I 

ii_JLLaJI I gjlajj (_ 7 i!l 4llaL>JI S-iLv^l (j u-dj •" J '■" 3ji£.L9 i " i ta c I lil (_yi»- 
^5La r-i^x-i ,j-o Uj^- (J% i"i" LLajJ I 3ji£.LiII aJJb (ji ^J j 3 » 1 1 rnrn nVl (J3^i 
.SjLcLall d ~»j~» i^aJI 4JLjxaJI jjjiJjJlJ (3^>-«-i 3JL>JI oJui (_j-3j ii_JLLaJI 
(JjLlj » j U" , ,." Vj iljL^v gUa-j-m-J 4-l^lUTlII CllLjj taJd! ojui <JL«Jlj Loj 

CjLljLSLoI (J^l i"i i ul (ji dJLiVj . iii nL>Jl ^ ta i ul a J jjjiJjJlIII ^^3 jjiLjJ,! 
(j^. Cju^JaJjl tfjufc (J^ii- (j-o J-^IJ J i>»al Js ,", \ ,<u jjs sLlLcLoIlII in nL>JI 

Ijj^SLj ^1 (JLj>J,I Ijlj* (_j£ (j-d>.LJI (_,i^. i— ^ajj 2 j LtlSlJl (jjijjjijJI (jjj-^ 3 

0^-)3 (jj/jjJI pj-ilojj, /j-9-uul (Jlj>J,I (Jij Tccisl^JI r-L;tiI jlj o" i nu (j-iclj 



q^SLj (ji 3j ijj i a 1 1 j (j .I 1 1 » j_& «.j^>JI I Jlj* 4_Jlc (_ 3 -i- : i3 (_g JJI IjljJ,I (j! 

(_£^>-i 4_fljj_Laj tiJj j jj-^- j-l*-} q] {jS^s^ .« uJaj] jQx_4 jjjjj Jla jQaXI ^_l±>J1 

» )Lu_ui ^^*'j i4_Ll*_« «ul_iai_a <_L-v «Lui_& 7-^_tHiJ ^ji La ^_«Ljj_aJ ( 3^- CJ ^^ ^-^ 

*JJt-' ''"".' i-dJi (_5-<-«J ^1 ij^3 *'-*>i £ - (j- VJljCjLl^I^j^VI (j-o 4£. jji^o j Lui- 1 

lr ajjiiJla .(_LtJI ^ d'CIni i^JJI ,ji>^JI i'Hiii !iU rj-^J o' u^J ^ 

l^juuanjj] l j H a jlh I «L»-jJ C-J laJJ (_^>J! (_y3 3_a JlJ-"i i nil CjLjjs-uI^IjjVI 7"j-uj 

J^JI ^1 Jj-ojlII (^SUj ^1) L^jli (_L>iJ! 3-lUjJ 4jjj^xb r.nnl 3^jj>II ^ 

1 Jl^J i Lajlslj Vliu ^olj_JI compiling 3_«^vjJi 2 jUr JIUjj . (L^jLj£ ^ 
u \r 4Jf.\jSh \j->- ■ •» i^aJI ,j^ OJ^J compiled program /<s^vjJLl,l ^oLijjJL9 

J-lL^TlU modular structure ^^-ij^jJLII *1_LjJI (ji ^^i^. aLc 3^' i-L!Luij 
(jl V! . Ij_ujij2j (J^jjiIj i Lvjj^sj ^>-" ' ?v H>^ "IjJVjiIjjiVI cjLlLwiJ! (Ja^j 
,-iljU-^tl Jiij ^olj_JI ~\\.« jjl >L)L9 di! j (_,!£. (Ji^- J^ W. clancey, L ^'^ 
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{3 fi}\ ujuilaJI 6JXU1I9J ,jijlij^uJI9 (jcLikioUl cISUI 

4-j_a_p 7-j i"i_t (jl /j_ou^aJ! (j-° ' -" taj La JJ£. LajLc -» j 1 aj L$JI V! < Lfc Jj^j 

J*_alj_jJI (_^ 7-LjC_b aJlJ-"| I UJ l±XJJtJ JiX>- (JSjIiJ (_,-i-j3 (jlj JjV L«£ 1/CjitjJI 

i/nU'tlj jcjltlJI Cju^Iij jLpi-V 4jo£j '''■^J^ Si Jil _J-A ' ." nL>Jlj .4-Lg-LltrJl 
CjVLsJ.1 ( _ 3 -3 '" jj * 'I 0J-* 3 j 1 a a 1 a a-j 1 ^ j a j 1 c jl_ji>-V I .^.j , ^,-^j 
ojui a JlJ-"i 1 n"t (_ylll 7j-°'j-^I (jSLx-ij . ,-" j~'.^"'' a jW-^*"^ LiUji^j 1 2 ri I" -^J, 1 

/■ j U"< II (^aJJl j^pajX. J^j?c_« (j_a 2( JlJ 4 L&j-jS_i2J dll aja^> j 1 "^" (jl Jj^-LiJl 
2j LiISjjI (OjJjil!! jy_olj_i /^ CjJl^ej L«£ CjJS^JI ><ua-«-a c-u »L>J1 d-JuLJu (_jix 
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<M_A ^\)A\ ■ 9 



jl_jj *C U jl_»-I (^ & ^ I < " II _, I f 3 j j 5J I (jl 
J_»__! (j— i I i it _jj_»__ _►=— >j i*1£jJlI 4_u_L_2l 



L$J J^J>i _r—" 4_b_>__!l (Jix-i 4Jlj (_gi au_I o__aj 

3_5j__U (jj|j_*_o — jl i i nl_>Jlj _jLJIj_<_>JIj j i~u 1 1 1 

. 4j^__JI ^jljj-j /o^jljL^a (jjj^Lajj i/o^jjj 

aLj^/I Jlj_o /<sJL»jJI 5-tl t~ 3jj/Ijj cjj o"h ill jjsj 
(j_a j_j_l^ ^aJ o>b^, Jj>oL^J (l Checkers 

4JLjjJo jj-* (J ' "'""J* /7-*H>p' L^-a J^j>" i n t t _^HJl i utUI 

(jLojJjj 4 J~(S (_£JJI TC-OUjjJI (oJjU L«£ lillij l«LiJ(J 

(jl 2 l"i a^?l oJLji 7c_»^>jjj :^5jJI 3jj(J waterman 
isJ La 3cLlSL_i /oJLoJlJI » jU* , ,.j V i.i nL>Jl jubjj 

I— 3Jl^J (_5-«Jl 5-3j toll 7r_l.-ie.GO _uix-i ^— -I — -— LO (j^ 

I j__ (__a 3_jibtJI Jj4>JI ____aL_ j_)j . L4jL___V 

_jVLj_o (__II a1_C— t iVI J^__ Lxjj iSj_3 J_J JL>J,I 

aL»__VI jL_ j_ij .3_ij_d,l JuiAJ ^j- 3 J-" 5 _0-"- * 

a1j_JI (_!_, 3jJ_5 *.alj_JI Jj_v (__ L___JI (__II _J _f( 

SsL—Tj I (j -it^ -il -5j1 J^ <LJL>JI i ii n_»Jl ~ -oIjj (j^ 

Lg-A- _j| m i n-a-"ll Jlioj L^_- a Jj-a-"n aj <t>-jjj L^_I_T 
( _ > _>J_JI I Jl^J l___L>JLl 5_l <"ii ri*_f 1 L___iJ_)ij i LyJJ 
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tjclVhmUl clSSJI 

U I r (_gj_Li_Lj I Jl^Jj i/oJJaCl! LjjLjla ^^j^dUI fjJs j-jj-*J /aLilII (jl£ JLSj 
Cjj>o Sjjjdl Sj'Cnll jl 5j aUoll parameters cj^LoUII p_i?l j-^ILmll <_*j^2lll 

J w 5>-° f— a 7" .' '^.' L? « J ' *" T^H/^ ^hi>^ Lj-'I T 3 * ^ 1 JlA *— &J*ii3 .4jj/ljjJI 

JjVl f-j-i-!! o^ ^J • pattern clas sification and recognition -Cj>LlSLl"u."l11 

JjjjwJI 3JT jjIjuj . polynomial function ^jJl^-JI 3j JjHo 4JlA~>j iSLLuiAI SJiLa^l 
«ul V! .(^JJjd Ijlo. Vila Rosenblatt Cj}Li_cj3jijJ perceptron ^ c\ Li^ail 
(jlSj i Simon Q^ o j m tc—uojI 1_*S ^-gJj I I J_<fc jj '^^ •» Laji La (jLcj-<-u 
(JjJlJ IJl-lj (_g JJI jy_oLjj_jJI (jl j_& L*JJi (j_o (_yaliej '"II ^^j-uL-uj! (jjjjJI 
. JLp. sl.il !_gj"i i nl, J-i^aJ (jl (3^-*f Z ^Ijl ifljjLA 

CjLJS^Lc /- I c fljLx-j-j-a 3_j^_oj «LlJLi sLLi ^=-i ti^toJI «L>o!j iCjI m" i ntl ^& 
Edward Feigenbaum aL1l5cjL3 -Sjlj-iV EPAM aLuI ^Lijj j-lUjj i/ajjkLiJ.1 
(j-ui CjLjs}L*JI <Lj/ljjJ discriminating network j_j_j_«j 2 S! j ni aJlJ-~u.i1 (_g JJI 
rr 3'" o^i lillj ^Ir Vl~<«w ^ .la j jU. ( 2^c i U A — 1 1 ^ /&L>JI t_ijL>o ^s » U I ". 1 1 
L^jJ! LaJj (jylll Sj— ii»-V I dlji ii^Jl j-p-«J Cj^LoL«Ji,lj j-ul < oil «_iL£i,l /<ujJ2~JI 
cJs^JI lillj ^ >3>y f<sJ «Lit VI ,3j)-ajJI 3jm1I (jjs LJjJI ilibjIiuJU aLuJ 

3jljj>JI /oJjillI tv^j-^ J^cLuij (_g JJI j^"^l i3ijjiJi,l (JjS-^j 2-Lflj^ (2>c i_al^ •« j'a 
aI o" itVl (ji^Lj I Jl^J <La_Liij . JaJoJI i U -^. 1 1 | jjt oL>ol (J j£ jjU'.tt ^Ir 

:^JL) Li^ ^JbLlII ^j-a ^ * u se rt p I^jI ^_j_lx-i ^jS-4-JJ 

(_3Jl2j>JI 4J3I i u-u (J^- i n_t Jj i4-y>.LlZu ul CjIjJi^ (_gl Lui /j_oUjjJI L-J LajJ 2 
(_^ jLL«Jkl i— jj 1 i ii a I j_A IjLjij ' (j j j La ~ jl (Jjj^so (JJJ 3jjJij>JI sdiLo^lj 
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(nJLajJJ 6JbloJI aoljuJI 

(j! (j-S_ «-i J'v i"i ^yi cjIjLJoj! jl 5_aj toll Sjjjc*. jIj^ jj-ou^jJI ^ 2 uj 

4_jJVj"m 11VI SjjJill (2^ ' mt"I 7j_aLjjjJI ^£1 ^LjJS SJjJsJU S^jjlII (j ^S 7j_aJ_b 



Jj " 5-30I ^j^ * ■ 1 5j_j_o «L>-jJlJ «L^jLtfaA 3JljJl>- Jj i\ to. ^_«ujjJ1 /ySilb 
(j-o /t_aUj_JI L$-»-a ,J_oL»3 (_ialj^j 4 j mi 1 1 q^jlJ L$J 3 JjJl>- (_a3lj_a ^^ 4£jjj_u 

U&& .<U SLLjII SjJi^J.1 SJla'iM ,j_a 3_aUJI JjdjJill £-aLjj_JI i La • u ■ ■•<■ 
4_L5_ol tL.jJa.atJ iLJI uia s^ mi II iJJ^-J (j! «LufcLt aL«JI (_ t Jj>J,I py-aUj-JI (<sJj<j 

. l_Aj-lC {jj& jJ^jJkjI ^_u_4-l ^j-« «LtSLx-l <_ 7 ujl JjcljJLJI Jc*J ^jl ^-auj-Jl ^j\£-$ 
2 j I 1 C (j_a pj i n j dUj ^1 VI i2 j J I i n SJiLo? ajI U^l |_gjjj JaJ I (j^ (j njtj 

.(J.OJI 

i_ALsjjj i'Ll^-jUJIj i_aljjliiij x_cisL>- j_lC i(_j3l j (<sl«3 £L2jj_LaJI oJl^j pU"ll 
4_jjJ 4_oaL>JI <t3jj<Ji,l (Jj^JQj 7^_aLjj_JI ^j ^' a ir-tlZL uzl (_yi^. 5_JLc SjJJS 
.3JljJl>- (JjjLiL».j (jul^ L4I0 (_^alscX "^1 JaLxJal 1— 2 1 mmSV 3JjL;e-o ( _ T 3 
i^jLail (jSLxjj 1 J uail] I Jut /_^ . U *a (j-Gj.ji.'jl (j-GJjj^Ial! (^jIsjjlj i_3jjj<j 
Michalski, Cubonell and J j mi" j aj J_lJj_>jLSj ^'C mi ILie-j-a ^1 f^vjJI 
• fl^Ll! 3jj£jJ,l /aLilJI Jjj-k ^^ 6^ v-jLo>L«-a ^Ic Jj"- — ^ ^Mitchell 

two-spacemod-(j-CL».LJI /t^ejjjjiJ-3^L«JI-j<sJjLlJI r-JLxJ cTV Cj^'O^J , '"" 

(8) 
- 19 JSi mi (jus ■" <>•"_' L«£j . Simon and Lea ^j Q^s-iL-u jUjIsj m, JJI 7cj^I 
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tjclVhmUl clSSJI 

a\ JiieIL-ul (OJ^HI (j-oj i Jl£.ljJilt ^gjs>-\j 4J!lo^U «L»-L-u (j-o TT-^J-*^' l<->-* UJ^~y ' 
(j_o I J »•! "■ '■" i "I (jSLx-i (_tjJI J^-^' JLseJJ J^ 4-Ji («^-J Li* « Ji£.l_jJ3» j-ujtlJI 
jl l_Lj_«_a I a j j a ^ (_P-<ij ' ^' a i2_3^JU,| JlcIjJLII (^^c. i aJlicj ^K A SJiLa'i/l 




ik^l ^ f^LcdJ jc^LJl ^iy 1-19 j£i 
^j" S ' (j- 3'JlS' <J " " "** l5' u ' *J l5 , - ) -"j '_>~5^' <Ll*J /_^ flush "^j"j La]|» 

^yjfc SjjjijaiaJ! 2 a-i^ail tj^llj ita^j V hearts t-ijlSIl j\ spades (^j^'unll 2_i2J 



.The example space 4ii»#<S I 4*L 

(j-O 4_jJL>JI 3ji_<J>JI 4iiLa2l aIJlJcjjj/I TCJvLJI joJjuJI (jjli-ul (C-&I (j-O (jl 

(j^_l \- u^u JI (j_a ^_auj-JI (jS-4-l lIajj*-) «u!L« ^1 tfjLjfc jLlL>.1 i t^e_jj , ^ I U ^ V 1 

(<s_LjiLfl_«JL! 3j_uji,l (J^I^jlII J~xj (jl py_ouj_JI » xLaj i uj (jl (_gl i(jOj|j -» i all 

("S-C-J 7t^=_LJ (jl L-J-X-l JlJ^>JI f«l U"l 1 1 7J-OUJ-I (jl f«-C.JJ • I 6 o I *" J (jl «Lli£. (_ 7 J-!i 

i.- i i.ijl (jVI s^lui 3_l12iJ| (jl VI .sllajtXI ajiuVl ^ --iu^Vi ^^^ ±y>.j 
2 j i .I i ILij .(^icJi,! I jui (_,JI Jj-ajlILi 7t o 1 1 "t tfjj^cj (j^j-II (j-° ^-j- 5 lt^- 



J^ ^ Mia ace (j^l 2^jj ^| 



«blSL>j1 (j_« (j-oJ-J «LlLb j^-i-li C lI 1 jLjjlX 
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(nJLajJJ 6JbloJI aoIjjJI 

■ La se u JuS «Gl3 (jjijLiJI a j J fl a ?"'"" "J O' d ~'i J " TJ^H^^ flush gjj j 1 ii 1 1 JlILa 
<3jj Jy>-J (jL (^LaLiJI r-LlIo-uV! ^l-ljjfcLa (j\£ ^aJ-Jj^sjjjj jljiaVI I jut 

2 'j» ' — ■ 1 1 ^\\ 21j j , ,,tl ( j_ a j-jjlb (_jjj^pj sQlilal ^ La « J Jlj^J! (jj/jjJlLa 

.The rule space tfl^iUI 4A>U 

lil i^LiLo (<— i) j-^>-\ i a uaj (j-o 4 j a j i c jjSI (l) i flxaj (j^aSLjj . «LLLa2l £yi 
^1 2_aLbVLi i LjjLoj (t_j) L&ls Oj^ lt^' t-JJaljJU *-j-*>- ^ LjjL<-u (I) (jl£ 

.cjL>-Ijj jo^jjJ - Llo-iSJ 1 p i m^ 4 j lt-> *-j-a->- -I 
.<_jU-Ijj fft^jjJ 2 ,IUtl «_«j>. (i2) 

5-Lla iMjj^9»t SJlal frUacj Jju l^-vLilL-ul j^SUj (i2) SJlcLs 

.CjLvIjj ja^jjj «u_)_ui!l /n i h°i 4 jlt-i *-J-a->- 

. CjL>-Ijj ja^jjJ 4jlaL>JI 4 jIU *-J-a->- (' ' I) 

2_cLxj>JI jJt^tJ i_£ j-ll (j a i a J ' I «j^=^I <1>-L>- (jJLufc Jju joJ 4JI •» i iajj Lufcj 

3jjj^3 ojut ^La l*Uj ^1 4£Lu3 2 uj 1 1 Laa> /n-Lo-CJl tJjSLj O' ' + .'Li ij^-*->J 
dlli (j-a I J j ii <" ^liS I jJJ-a «U-ujLa-a (_yi^- (JJjjLS (j^e-t3 ipU**ill I Jl>- 4-La-mj-a 
ini n-fc^ SjjJusJI (j^-Jlj-^lj JlcIjJLII Jal i mi nl (_^ LjJl^.1 i n"t V L^j^ ij_uSLi 

. Lu^jjla L^j (JlLa-i (_ t jJI '^!-i-^ (j-a _>^*-i (Jj 
2_p-LiJI (^^c. jjjj >*J Smith <"m<i i n «LaJ^2 jaLiiLI ji-T ' La La se a ijJLukj 
i J J m"' J L LEX jj_aLjj_i 4-ajLJ-"u nl Ji^j i2-I9 J S> i~i J Ttjioj^j i4-uLjjjJI 
i ? |j2?l ^S^'i/ljJjLiLAil) «L2llV! -.i-jLljSLa ^jl^^aLjj-JI Ijbk 1-kJtjJJ 
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tblli 




(Cjill 



Jj'Udl »1&)I 



iJWi 




(10) LEX j ^i s Ui 2 - 19 JSLi 

. p Lu 1 1 j i -* * j S3 ! I 

La ^ i jt J-a^. LtoJaa» «_l^jJ ji i La <_i3^a ^j — JlSc ""'t ji ii_jjiill ^Ji^-I i_j(1! 
(_jj| r-Lljtjj i l^^?- (J " J ^ *pljl O' u-lj^ (^IoIjJLsVIj . jjij*-a i_2Jui CjI j 
i«j3ajj,l * 1-lV 1 !_gj"i i n<n /yiatAll slj^l (JjLoj (_£ JJI (jjSUI j-& fSJaJjjJI .(j-\_cu^o 
*u (jL£ lil La u I r j 1 2 jj I 2 1 1 oJUfc 4J3j (_, I r I « j U -oJjLlII 3-j£.jJ JlxIUjj 
jJ^V~* '"'"'^ ?7-°H>^ ct^ («Jj2aJI Jlajjuj .T-j-iiajj <iJ3J-i »J3jjJi,l * 1-iV 1 JjJLso 
3_LcbjJ,l 3JL>JI aJl23j r-^Ltll <LJLjl3 ,j£, i"<lk^\l a ^Ir ^ilLa Lajjlajj, ^.t-tl 
. (__>l3jJkl Ijufc (j-a Ijj>Jj£. Jl3 (jjjJ! (_yji3jJ,! (j-a SJjJlC CjVL>J 
(SJaJjjJI (jj^-a L#J aL9 (_yjJI 3JjL2J,l J?-jLiJ a jjsr~t i uJ (_£ JJI (jjSUI jji pU'ill 
r-LLso dUjllj i«Lu^5jJkl j^c /tjQil! (jc SJj'i i a a slj^l CjUj£La (_gf JjJijejJ 
CjLjJI 4_Cj_<u*-a (jja ji 3J3jj<1,I 3ji£.L3 (j-a ojui (JjSLj (ji (jSLajj ij-ujtj (_yJI 
(j_a La j^v (_ T 3 ^Ij^l (J1_cuj>o (j£, Ttljj (ji (__,<jjVill (j-aj • (__, ii Vi i t, I J 21 jCL-u VI 
(ji Jj^ll (slalJI (jjSU (j"t-*JJ I uX^lj ij^i-l sj^>- s-l.il jJjkjG (^ j3l ^-aLij-JI 
aLlII dtaVI (jl J^tjjJ L$l»ol (jll! Cj}LjJjlI!I cLallam Ciljla ^ <_p>jjiicuj 

J.^aVl (^1 <i^2j J££ j-aljj-ilj 
(Ji-Jj joj UJJJ (CJJ 4XLa2l jLii>-L9 i5T_aLij_iJI ?TjL>- jojJ La SjLc tLojjVI 
jj ' *~>" (j^-X-i (j^-Ij tpUlll /- u t, 1 ^ljLLIJI (jgdJeuJ (j^-t-a t ^pj-^- 1 MUmJI (^Ji 
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. aI Jiicjj-uVI 4-*jLiJI (OjjuijJI Ji£.ljJ3 (jVI (JjLlLL-uJ . Jj-tiiill * 1-lV 1 JjjJLxjJ 
: » j conjunction J-i^j-Ll 2 j 5 La ' 1 1 2Js}L*JI (^ j_uj<iLI «& » j>jLir"iii im 

di! jjj ttU-mlj A J gi 1 1 (_flJ^5j (>U 2_3>L»JI ^yi^: 2jVj±t ^ oi^-mII 2_a}L»J :» 
. I ^ a i aj (_g JJI A^aXI j<u-ul j-fl> <— i a! ^^-utj i_i :> : I 

'<J'jj' (J" 1 *"1 j^J-* "*J ~'j 'J .' ""* I '-v *jAi-£-^ 4_jj(J ^^3 (jijlaJI p J j ■""•' 
:4jJLlII 2 A LjjLall (^ (j\Jj.oj%-o$ 3_jjjJ|j 2_,i5jjl Li^cj 
4i i ii i I Li £ l _ r £il\ (jjiiLi) ^^jjILcuj (_5-*lj 3-£jjJ| £j\ ^^.Ltj (<_j ii j) 4_iSJLi 

.(Clubs ^pLujVlj Diamond S-^LUj Hearts c-j^lSl! 
ii_ijLi5i i jJj 10 -2) dilJiSj (S.tujii. u-ttl j 3-3_»I! o' cr-"" (5 'i j) ^-Aj 

. ((j-u! iCj-b 
'.(J-IjjVI (j^Jlill f. Ua£. I jj 
&(<_ii4 j) cLSlSj &(<_ji3 a)4 lL2j &(<_ii2 j)4_iSJLi &(<— ii lj)4 iSlS ' : I JULo 

((_ii 5j)d ui 2 ' 
(5j ,4j ,3j ,2j , lj) ^^ < :: 
cbiJb & ((jjj 1 3 j) ^ ulSj & ((jjj 1 2 j) 3-iSl3j &((jjj 1 1 j) «uiHj : 2 JULo 

(<_>" '5j)3-<iSJ &(<_>"' 4 j) 
(5^4^ 3 .2j, l i ) u i^< :: 
: «lJLiII SjlcL2JI /t"'i" i n_i (jl ^_oujjiI (3^--4-i 
&(xi4 j) 2 i?L2J (x i3 j)2_iij &(x i2 j)3 lL2j &(x i I j)3 lL2j : I 3ji£.LJ3 

(x i 5j)4 ui 2 ' 
(5j ,4 j ,3j ,2j , lj) i^<:: 

. X J_L»jJ,Ll (J-uJ <-;-! Llijljill (J I J l"ll nU 
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S-lL-o^/I 3JlC.L2JI (j-o 2 J "j i <* ^H^l SjjJoJI 3JlC.L2JI 9t j ■ taj liltjuj '.3JlcL2JI 

(JIj j~ i nl SjlcLS aIjiJcILjiLij . <_^*l!l JJLJJ' < -t*^ j H 4j^L»JI Joj^iiJI j_p (JjfcLajj 

&(2 i !j) "ijjj & (<— i jij Ij) 3_ifli2j : 3-jJliLa 

&(5 , 2 j)3jjj &(<_i. 2 j)5AaJ 

&(7 , 3 j)3-uj &(tJi 3 j)3 mi n't 

& (8 , 4 j)3-uj &(t_j.4 j)3 mi n't 

(i_jjLJo e\ oj) «Lj3j & (<_) i5j) <Li!L2j 

(5j ,4j ,3j ,2j , lj) ^iols < :: 

. I ■>■_»! I -3Jl£.Ul! jojiaj (j! (3^>-* J C7-^'j 
.disjunction J<^»*tl (jj^la (2>c /aj^wdll 
J.^Atl 3bl AljLJeIjj,Li3jLC.LaJI ^1 CjljLjIi-l 3^L^I ^yiiiUli!! ajLtjiaJlj 
. ^ J «j i c ^i^l 3 JlCiJLII (JJi^-i «LSjLcuJI 4-2j^iaJI (JILa (_ t jJIj J I «jl» ** j 2 la ' 1 1 
3 l*i aVl -IU«~I I /a tr-jj^JI a_u«J ^ HONOR 3j-SLa ro_Aj»3 jUjJ Ujf (_>a>3l 

: a_Jhii 

(x) HONOR < : :(I0 ,x) 3_uj :4-Jlla 

(x) HONOR < : :(jjj ,x) ijjj :5-Jli« 

(X) HONOR < : :(<jj ,x)L3j :6-Jlia 

(x) HONOR < : :(<-alA ,x) 3_uj :7-Jlla 

(x) HONOR (jjm"\ ,x) 3_uj :8-Jlia 

:4_l!LUI 3JlcLoJ1 ^ * u '< 1 1 J L^xflJl aI Jl^-'m iiu AxaJuJ I ^ La « j 

.x) a_pj jl (t^j-Li ix) a_i3j jl (jJj <x) a_jjj ji (10 ix) a_pj .2 sj-cLjs 

. ((jjjlix) «LjJJ J! (l_JjLi 

(x) (HONOR) 



LJJl^jj 1 1 (j"i 1 "IjJl^ j»J-2j .ilj^I a^.j-*3=-a (j-o {jJljJs LbjJ (jl ^ysj'o it 
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(nJLajJJ 6JbloJI aoIjjJI 



( x ) iijj' < : ••(Jt^-^ ' x ) J^a 
( x ) JbM < : ••(a£-° iX ) J^a 

'.^jJUJI ^- L 4- O j1 ^^1 (J_A-£3^L» 5jJ> Mill CjljLtOLA * - iT lL. i 3 

( x ) iijj' < : ••(j J -^ a - iX ) J^- 

— jfl ■ ■ ■ a Du' 



iS ^ 2 -~>. 



^Uw 



JSCdJl 



lT^ 



t/jil; 



£r 



*^_Ul» 



Winston program ^^mm|§ £#Li jot 

4_j|_L»_i «L»-jjLjJi,l dilLo^l Jijjjj (jl (j$Lx-i ' iua 4-19 J'v i"i 7c_Jajjj flj La-LSJ 1 
i4_«iju -ilj-HI j» J J a 1 1I •» .tae i^aJI (Jliil ^j'iil 5j j nal I (_ U»~a . pUlll 4-iLiC 

3-oL& S^SLa (_,.& inearmiss i—u^HI I Laid! Villa <Lol5JI ajj-iall (_ Ujj Lx-Lu 
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/. I r jS3j2 2_<Ji3i 2Jt£ ijJLui jj£3 jl i-jjaj 4JI Jaj-Ju jji Jlill I jui (_y3j 
(j^lllSDI (jl j_& 3-jJLjJ! 2 ja LaJI fjJs <_*j^Jl!I Uajj Ij i^'iji iilj-Il (J-uJjSL!I 

jl 4_»-jlj_ll *JJ U3 II (j^-J-J Ij—Li-ij ij^-VI I 1 J ' a (Ji (jjt^V Jl3 (j-^"n mljjl 
J ^ i" i ur-Sl jj-^-i (jl (j-^-*J J-l i^l j U" i n a j^SLj o' t -^-^ * Ct^^' U3^' 
«Lu£. Q^^J (jl * *^eJ u, ^JJ^ll ^ rt j j A rt -»■ V, t i ^S ^_auj-J1 l_3jjuj * JJ ni'i a 






^ 



FTP 



/ 71 



. U i i.i i Lkj. 








« aj u ' ^ 1 1 » -» j ^ A rt ^l«j 4-19 ^s i"i 



Learning abstract structures &d jA^I tainSt jnJI (ftlM 

i_aj^_«Ji,l Dietrich and MichalsKi ^^ mm ILSLloj (^iupjj ^oljjj <-2Jl^j 



. «LjJL>-I J 'Lj-'J L^J jLi Jjj4j3(_ 7 jJ! (H-uiLflilj <_aaljJi,l 



s^J (l2) INDUCE 



/cu-uL 



ij-SLxj I j Lu Li-i^ cjLs^Lc (^ 2 i-i 1" -sJ, I cjLJj£UI (Ji-J3 JK uiVI ^^« ■ ^ aa 
:«LlIllII (JLLo^LI /a-La,CQ •» 1 1 uj jl (j^-x-i (_j^"j IjjJij>o 
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(u) ^|j &(u)j^ a O : l-Jlia 
(vXgplj &(v)j-u£ & o 

(v m) ^1 & 
(w) iJIjjIj & (w) jjij-a :(y> x > w ) 30 : 2-Jlilo 
(x) yj-a & (x) j_u£ & □ 

(y) £jj^ &(y)j*£ & □ 
(y <x) ^Ic] & (x, w) ^1 & 

(V <U) ^1 :(v m)H : L-Jlla 
(y.x) ^t & (v .u) 1 _ y L^I .(y <x iw)H:2i<Jli«£ 

jJl£! (JixJ (_£JJI i(v ill) f_j I r i Cj Jaj-Jo ^^JLlJ! Jaj-JiiJI %■"'(" i n't 4_Laj 

jaj^a- > syntactic vector: ^^jj^j «LaHa 2t j^j Jji^lJI Q^Sb jl (^Sbuj 

<(v) J£j5k(v) fist3.<(u) J£i ,(u) 
t^LlII JSLiJLi i%c\ 3JlaVl 3_>L£ SjLcJ Ljjjo^ ^ ^SUj ^Ij 

(fj- l >h^ 'fj- l >h^) :2 >»-J&" 

^j^ l^^J I /^_«bj_Ajl JLseJ t2 ,,,j I i i^^Qxj 2 4 iJlILaj I t t-jjULa ^ Ml 2 -it «j 

•.^yJLlII ' gjusajil (jJ-iVI (CjjulIII .sLsjV 

(* ijjj*? i* ijjj*\) j (*ij_u£ n_gjjlj i*) 

. ^ i ^ a ^r^- M-* 4Jjl2u,1 ^ -^ LaaJI (jl ^-tAJ ((* » *-1x_l>. 

t,^ La Jl^o 5bjji±l! 2Js}L»JI AljiieixajLlj 

(v) j-uZ & (u) ^jjb & (v ,u) ^c] :(v ,u)a : l-Jaj^i 

(v) j_u£ & (u) j_u£ & (v ,u) ^M :(v m)H -.2-Jaj^i 

v»-l jjjS La f-^j-LJi (_y^-l _>^P L* *(j-"< "J L *v3i : l£>*"' CjLuSj IjLjfc ( _ t JL*jj 
3Jl_ljv 3_iL>-! IJlj* /_Jajt-i (jl j^SLajj -JrhP fLs-*-" Lr^' lSJ- 1 '- 5 i Lr J ^ J •^-_3i_} 

. g< la a> y o 1 1 j 1 i"-*. IS f-^J <J Ij ' "I 
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. kodratoff i-ajjljji^ L^Jjlq^j aLs S^jLio l£>*^ <_JI-<j-c t liJLL&j 

AQ 1 1 C*Ui^d 

J^cljJLtl j^J^SLlJ 2_' ul2jj| (jj La 1 1 M^Jj ' j: ?-4-'- *j^?^' \jJt (_j-^ i_fl-Ltaj 

VI iCjVLsJI - la » a (_yi 4ja-L?e.i-a uliljl^JS (_gj mm 1 1 j-ioiJI iUtjl £yl r«i.j-!l 
aJ-tb iLie-jV L^_> (J_ca^3 (_,-lJI 3 J a Aj I TJ-^ (_y3 3jjj>j-3 "-^^ " S^Lc 4JI 
(jjj j Lie VI /_^ Lajl>-I (^^0 '*-4-*- a j-i^'-»- a j^-* (j ' " 'J " j0 v^~5 itliljljill 
. L^jJI (Jj^sjj (_yl!l jjjLlill SjJa ^Jii L2-i3j Lxjj^j (j La »_> V 4JI Lii i((_j-*j jl 

d I , >. j 1 1 Cj Laj L*XI f-^sj (_5-3 Lufc «L>-jJaj (_£JJI JjJoJI /*-$-<-ll (Jjajjj 
Ja ■ ojIj . l^alqj-"i i ill (j-o /<si»lJI 7V°'_>J O^-*- 1 J^LJo (^3 <t3j|^j<Ji,l SJiLo'i/l ^^3 
JLcl aJLll 4_ij-0_pJI 3 j j ual I ^j u-d-b tdiLo^l ic.Lu-3 ( _ 3 -& lilli jj^-»"l 4-2jjia 

RysZard Mi-^y^Lcu-JlSLua -ijljjj a ' — Ijj AQ11 ^_aijjj liijutiiJ jJaj 

(jlalj^'^l (j^jje uu JlC I jJ3 jj^Lail *JlJ-"iiiiI JlSj i(_£jJlJI SjlaLjcj chalski 
630 ' a Laj /. I c 3_3j|^_*l,! iLLLaal ^jisoj . Lja LtaJI CjLj_i i . ■ - ;'^ > "' (jP-II 
^cJ ^_j_)ljtXI ^j-* fi ^^ > •Jj Cj Lc j-qj^E-aS I J t£ J-^ '^LjLuj! (^^Ij-al (j-« I-^J-* 

,-,! j ,^ ^- ,*:,ll jj^ «_Luj n_ajjj«Jll ^j^j-- iSilllj puameter value pairs //o_l1II 
5j Mir ^l^v 3_cSL«Ji,l u^>\j^.^\ ^ji^. (jl^j 7 , 2 ltu 7-jl^pj 3-4jS 

: L$J <~"!^ JJ'*"1I I al Lac I SjicLaJ Jlilo jji I juij 
4j^Lc j-lC. 3^ inttj & Sj^Lc CjLxII 3'jJ' "^J^ I Jj 

<iaj 4j uiiLjJI (jir.j & 
fjjli L4J5JJ lis! L^j 3^-^lj & 

4_loJjI^>- (J^soj S^jj^l j La aj iCLiL^sV (jji«3 Ji^ CjLjJI jJ^=- OJ^ O-^l 

31 ■ iii 1 n <Aju aILuuj ^\ cjVUJI j-ixj tpJI j^l^JI<_aLi^l 3JSL<io ^Uj-JI 

(j^ije "~<t SjjJJkl sdiLo^l ^-J-<t>- (_y3 j La " j^^ll Jjl ( _ T 3 (_,-Aj .jajjiLHI (j-o 
^jj^ fiUILa^l x_uijv )«_« ^3^"' * tilx_pe_j 4_i^lS 4j>-jJ*i Lalx. I -^ Laj » ' ^*" /cj t(j-L*-* 
4_LLa^/l ^"-a^- J » j~ 1 11 j (_ 7 ^>- ' j 1 a j 1 1 \jJt JjJlxHj ijll^ Jju a^jJj . »l i~~i 1 nl 
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3jLulI! jj-o I jSLaj i(,_£>30?l __l ir,^ .Vill SjuJII SJioVl *-j-w>- ^1) 2 ,n<L«II 
(Ji-1 _ \j-i& I J 'j,' Lt^ i -laic- (_-i!1 3__~_1 ~_o_ij_l!I j__*jij ^j-^"" •'■■"' JSL! 

5_Ll_, ojbk LuILv __a -_o_ij_JI j_-U jjsj . 4-u»_kl LfcpSl L^j.' i2L_j_J| jLUI 
340 !__•____ j-LiJj __L_L__!I (_-->-j LSjLj ^ I «" II 3_cU_J __Lu 290 - ■ '■*' 

. (— llLu 295) 4_x»JI (j-a 3 J o**i i ii U J__lj_Lll d____> jL-i-l __3 (g^-al JlJ-"i 1 11V 
(j o i nilj i PL 4jo i nilq '.j_iji- — _o_)j_i ^Lb __JI 0ju_ (<sJjLUI 4-jJ t~ _J.iJjJ 
t_gj mi j II j-ioi"- I *_o jlj_«_ I __3 <bi Lu__JI 4_Uj__JI *-J-J (_£ j-l! (JjLxJ,! /t_aUj_JI 

___JI i__L__j_'l (jia »■ ,j:j mi j 11 j^->-l r>-9l AQ11 ^_oLJjj 3JLv __3j .PD 

J__|j_Ltl _)^» j (Jila iAQI 1 4JL<-__ I j" . I __S (_-— II — — — i (j-o j__l (J-<-__l__ ' " i jj Laj 

mJj-*-! '"" -— -t aJlJ-"i ii" LX-Lu l Lu-uLcul IjJ-i '"'' -— -— 1 i J'-\' 1 Jj a <_JUJ (_ylI1 

(j-o StLa^ (Jjsi PD (jl Jl^-j ' ai3 i3j_u£L!l SJjjJJ aJJt r«x.jj • JLj^LlII -5j^>J. 
jLpiVI oVLv <jx /.97 , 6 Jz £-i=u^l\ (j^jV.Vitl PL ^U., <jK JlSis <PL 
CjVUJ! £yl / 1 00 PL (^k^l lilli ^ SjMcj . PD £-°U>J /. 71,8 JjLia 

L^lu ,j-o jL£ (jjJIj 31xi>J.! '"'I '^j~- iSuJI (j-o S^-jjLoS S-sjLjs L^-La ajJs (_7j-!1 

CxJL£ ,_£ jJ! C^JSjJI (^3 iPD £_oLij_J '/. 96 , 9 J_>L2_a ^jJe-i^aJI j^~ A*lt| 
. JSl L&lS UaiJ! S-uuiJ (jV <La|jV'i»l <jSUj ^LJLij .j.^aiPT 3_*jl3 
cLaiaJ 2(1 (j| (_yl^. jufcj_j£ 3_>jjtill ojui /^Jilj jLllc.1 ( _ T 3 (J^>JI "^ O-^J 

jy_ol_Jj_jJI ( _ r ^ (j j I LaJJ ijJLL<fc (jl£ jiia . ;_gj mi j II j_uj>JI j«_o jIjj>JI ^Ij^vu 
(J^l 5)i I aS_i pU'll ^.oljj J m" i nj ^_)— j-> .".~tlj jj^olj^al (jij j>Luiu3u (_gjJI 
ji intermediate conclusions 2 Laj • uj jljIiJ aIjLsc1j.uI i^IU" ^^lll (jLp.^1 (^fl 
LfcjJjj (_ylll 'LljjS^III jj i^aJI (jl L»i . /tjLUJI (_,i^. Jlxjjij (_yl! I Cjuja-uljILjiVI 
(_£j^>-l ljj_i-3 |_gji mi j 1 1 j_j_lj>JI AjJsr't i ii j L-4-4J i(JL>J.I SjJJLa^ jy_aUj_JI 
(^ Jl< mi? SJlC: AjieiuiJ Jj lijO-LuVI Jicljill ^1 S^LUsVLi JVjIxoj>U 

i3JL*j^>J.I tijL-a_Lie_.il! I __II _;_Jj L^___u S2Ll>._uVI j_-Ij__J «LoIjl__1_vI 

3_l__>_ t ____J1 (j-«J — ■ ^~- —a II ( ^_xj____lI1 (j-a JoQjl __9 J_lL__j L^_ulij 

./_L_u1 ^_al_j_i 4J___1jj j-i- uC - I I J— - 
lAj^LII (j^ j_Si 4-j___J a jj -— j PLL—jJjj (_-~II J_ilj_UI (_)_—« j C-L »_- J_)j 
(j-a 4___4J (__~II 4j^jJlJI 3_ij_J,l «UJ- _) njt --oLjjjJI _l Vl 1 1 jUj . ..j* jjSlaJJ 
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( _ r ^ «Lj_L2JL!I a\ jjsr't ( ill (J^L«JJ ij^jii-AJ^o jLsoV I (jLfl i I Jui f-oj • I j^-J ' ".'" 
./j_oLjj_jJI JlX.IjJ3 < ku-a ^lj_iiJI (j i n-r" i ul JiJ9j .«L$JiJLLa (_Jjj»-I CjVL^o 
^^.S j_j_iJ»JI (jjL*-^ 3l^l£ aLujI JjjJa Ct^I J 1 '-7^*7! ^' 3^-H f x '- c - <J^ '"'.'J 

.juai^ 

1 ^jj^jl", 1 ,1 Sjl^L^j Douglas Lenat <IjLuJ (j^^Lvjj ^oLJjJI I j~&t—a£ 

*Lx^>J\ aL> •>" 1 11L1 (S-LjiLill JijJjJ (_,i^. J-iLJS /j_ou^aJ ^JkJtJua r-ij-fl-i 3-Aj 
L*_alJj-> AM (j-o-Jj .aLloJI £-a!_>J (^ ^aitiuiil liillJ SJjUI! 4-l3jj<1I 
(2yi uLiejJ 3j_jJlj>JI 3-3j_»J,I a JlJ-"i 1 n_) V <bi «Laj^j(3 jjjjLcuJI ( _ T l«Ji,iJ j«JL»IliJ 
j_a!jJLl I I it fll * axjal JlSj . 43Lal u~&\ s.jju3 fjJs 4lLa ifLJl JjJJ 4_LSL!j i4jI^I 

. 4_l3 jsltjJI jt_oIjj CjulSLo! J'-J-fl^v 

2 jj fc> » j<s_Ljil_ia (j^ I I 5 ^j 1 ■ >■"" 4_3jj(_o 3JlX.LiLi AM jr_oLjj_i I J^-JJJ 

siJliJl Jj-aAJI jiiJl) stmctured objects <LiK-ufc cjLjL^ J*C A ^^a cjLcjju>J,I 

AM<gi£lUrigfi1f 

i(_ij^jill! (_,-<kJ J jj^ >< *' i^a^JI (j^ Standud «Lu-uLl3 4-Ca^j^.cJ (jL& (_p J_l<uJ 
icLftj^ I 1 aj 1 liJLuij ' " I L 1 ^j Ltajj la iCjLloojsjiJI i«Ltu£L«Ji,! 4JiLo2lj ^JiLo^l 

prime numbers>: 'LJj'^l ^ I Jlc V I » (jL£J (^Jllll Jill! j-!ij! 

ajjVl jIjicVI :^VI 

2=(x) divisors /<u-u!ji!! (j-o jJlc •.Jj-o'^I 
y = x jl I = y < = (x I y) (y V ) = (x) ^jl : J><^J.I ^Luo. 

23. 13. I I .7,5.3,2 :4l!uf 
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/cjj/ljji!l (j-a (_y^-jlj ro\) L$J «L*-l=bj-3 jljl£.l 
4_l>-jJ iLajjaj-o jlji£.l : ell Lj-i a j iajj I 

(aljjl 2 a» jJait) 800 :'iuUal\ 
4_JLl!I (^-) <Ll3jj<1,I ^au»JI q* JlC.1^3 f-jj^lAM *_aLjj-i a jj-"i i njij 
jLje_jV /T_al_jj_jJI j j i ii j ' tua ' La • i ia 1 1 J lO -1 O' Lt^ l J' JlC - lj - u J cr^3 ' 'jrA^ 

.3JjJl>. ^-u&L^a 
CjjLS lilj i LajLlIjj j<u jJs La (a) a j J a 1 '""J'-^J i^aj>JI CxjLS I jl : I -r<i^- 

Cj Lu.ajj.ajj I ajjb (j^a (J£D 3J!laI -iLxjl ^^jfc <LJL>JI 2 i jt I 
jajjiLflil f_y^jul 3JiLal I iaj| jyl (a) a j J a i U S^j^jlU SJia'iM jjSj Ju3 jjl 

. SJlJJlJkjI d ^ ' a J ' ^* *>. ' 1 
i(l a) j^>-I aj g ii 1, dXLol jyl (a.) a j (j a o II iuiLo^l J-*>- (jl J^-J 1^1 '. 2-/a»» 

.(la) (j^l ir-i-iej jji (a) (jl Jjlj LfljIJJLA (jSu /<sJ I jlj 
.(jh^ajfliilil *L<i-l3 S-iLjj-i r<i-3j '(l (») J (j.-1'^i^ej jjfc (a) jl ,_p=_p£l jjl 
function 5-a-i taj JLa_o (J7 JS La ajgAl SiiLa'i/l f-J^J- '"'J i^aJl I il .3-jaj>- 



. al JlJt"ii nVl Sj-iLJ 

4-Cj_4J>J,l (_>"J-ilj "IflJi^J! 0jui CjJSO j_uoLul!I Ojui 3jJJ-3 I _l I r ■ — »— 1 jjl 

J aj i ■■ a Add I** 4j>oLu1 
. | jl>. 2_Lll3 SJlal La Afrg-ai (jl Jl>-j lil :4-A»- 
. Sjoit^/l (JjJlS ajflflll jl jjj£.Ij h_jj mil JlJ>o jl JjL>- jil 
^ykij 1000 -I(JJJ j»L9j^! ^yk: l-(«^>» 2^l2jjI! S^e^JI JaxLauJ LlaS Ijjj 

I^^^Jj LoS «L*_u_u1 jj^J OJodJ (CjjiIjjiJI ^Sc a j J J rt 
Jl>-1 21 t^jjjIj^JI (j^ >Ai^aJ Jl JlCi = jm^ ^jjjL^ 
I : Jl>-Ij jojj/Loj jl Ji£.i -I (Sjj/La 

J3,ll,7,5,3,2 /<ixJjJl!l (j-a 2 jjl»j jIjlc! =2 ^ola 

169, 121 ,49, ,25,, 9, 4 -.^Ijii 3 L^J jIjlc! = 3 ^La 

I jut (_ T l£j ,4 jo iti L^J (_>uj-! I Jt>- Sj j » i a II cjLcjju>J,I jLa 4 («j>J I ^.Uj 

t2 (C-ijjLS (jr^£- (*->• L^l 3 ' '" ^J * 1 J^ i"i i n 1 jl (jS^XJ I ^-t^L^j jam p-uA£ 
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i«Ll*-U^1JI /<s-&jjJl»- /^a j La.il I j (_5-oj3 3 ra^-J i3-ou jjJl>- L^J 3 jsjj/LS c^3 
3-4-l3 S-lLjj l_ lszj 2 /<sj>J I 2 • La j . 3_J^ VI jl JX.VI : 2 j<u-uLJ3 <tcj-<i5=-a ^jfc (j^Jlj 

. Li^la J£ 
/ajjiLHI (_jl^. 4_l3jjlII ;*usj>JI jj;'-^"',' *JlJJl>- jajjiLia AM jJjJ IjiSL&j 
j-oVI i3JljJl>- Aj^jjua [s^stj>- (jjiieJ 0' * .' "3 II J *.;'•""' ' "_' ^ 4_&LJj iS-i^vjJi! 
./cIajJI ^_«U_) ^_kaj «L^>-j ^j-* J ^ Li*a2j ^_j1L*j ^ jj I 

3jJlJL)I ' _* I La j J j i^^lj^-VI !_gj"i i nil (j-o (_,i^-i !_gj" i n a t_-u '-^"'J (<i-<JjiI!l3 
«4_j-3jj<_o yy-a-a. LLj_o» -iJ-^-J 3j_jJlj>JI «Lj-3jj<_1. I t -r -»J1 i— 3i mi"S| f, 1 c 
. I j^Jtj . . ((4-±°>jjua ^xs>~ LLlo LLlo» ■ . 1 1 tajj Lijjjij ^^Itl metaheuristics 

BACON -3 &»Lijri 

,a : ^j."^ 1 ltuI^I <-aLi^l (SjLcJ) <_,]! bacon -3 j-^LJjj <-3J^j 
(j^JLS i perfect gas laws *Ll!l jUJI ij-t-JljJs Jlla 2.j,Utl (j^jlj^ ^^Vl lr j 
AlaJr'unLi i^jJlJLv Q^JLJSj Ohm' s law, ajI Q^JLJaj (_ya coulomb's law <_<^Jj£ 
^yk.j «d aIU.1I oliLJt ^ ^lU-'.VIj jLujVl i— at uu£V 2_j3j_.ll £^*--JI 

.dl!i J-*J I j" se i a jLli-V /-j i ii j (_--JI Cjuiol^l^VI (JJ^-J lii-ii «j---> 
(j-OJ-C (jj^-iila £j\j Cjl_i^__JI i— 3 1 m"iS| (_a SJljjUI 'Li^jjiJ.I /t_5-_>-!l (j-oj 

.2-A jj>- 1 j-iila 3_4_i_. doljijl I oK I -a La jjilo 3-<iJ^ -l!_il_ijl l_sl 
.(JjJ.1 3->-j-> Un» 2-aj ' "(* (J'V 3_ulj-_o S-olj-Lal 4J_}L_. (J-oj-l-I _pl 

(jjJLS j^oIJjjJI ' a ""'^j '5 -19 JjJl^v (___) lIiLjLlJI 7j_oIJjjJI j.1 Lax Lj 

PV=nRT jLi.1 
(, U ; ,^ll) p £jf i ^ '^"^j Vjl .J_». lj_o (_,lr L*i!i (__.! 5T-aLJj_JI J___.j_o 

(___) U; ,^ll <_!j-i_- J-__>1_- ^ '" j La h ^Iilx-i Lx-a Q&_=__»_tl) V ^Ijijl I nK .-l-j-J 
4_4_j_2JI ^j ■■ a Li ■ U A" -ej 4_iSL!j . Luu (_>ujJ I Jui jl Ji^cJ 4JI VI '. PV (<ijaj>JI 
Ld£ jljijj PV (jl Jl^vj 4j| ^ij-fcj .^Lilii (SjIjjsJI ia-jj) T ^ 2 jj LajJx. 
,^3 L^UjS j^iaJ (jjJIj iPV/T JLCl^-l (^3 ^oljjjjl j-La-b iSjIjj-JI Ojljijl 
jljLcl x_a Jjl>2 Sjji-Vl 3_uiSL!l aJJt o'cr^ S_iJLiJI 5U^M 1 1 j .6-19 JjJLa- 
iPV/nT 3jjjL>- 3 <\ i n°i Jj^aL>- ^^3 jU'.ll ^x.Jj Lx^a t jUJI imoles'n CjLjj}^- 
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(nJLajJJ 6JbloJI aoIjjJI 



jj_oLij_jJI (J-<i£. *L(j|j .«Qju 7 - 19 JjJl^v (j- ?ljlb\j j-A L<» L4JI 7" ''"".'j 
. 3-oL* jijLij (_yJI i_gj J3 V LjJi Jl^=j <til V! i5j^-l cjVLi1».I ^ a j la * 1 1 j j»j-2j 

Moles Temperature Pressure Volume PV 

1 300 300 000 0.008 320 2 496.0 

1 300 400 000 0.006 240 2 496.0 

1 300 500 000 0.004 992 2 496.0 

1 310 300 000 0.008 597 3 2 579.2 

1 310 400 000 0.006 448 2 579.2 

1 310 500 000 0.005 158 4 2 579.2 

1 320 300 000 0.008 874 7 2 662.4 

1 320 400 000 0.006 656 2 662.4 

1 320 500 000 0.005 324 8 2 662.4 

»LJI jUJI Oyly « m\yA oULj 5-19 Jj-Aj* 

Moles Temperature PV PV/T 

1 300 2.496 8.32 

1 310 2 579.2 8.32 

1 320 2 662.4 8.32 

2 300 4 992.0 16.64 
2 310 5 158.4 16.64 

2 320 5 324.8 16.64 

3 300 7 488.0 24.96 
3 310 7 737.6 24.96 
3 320 7 987.2 24.96 

x^, i_^r jjSj J jSU PV/T of jUel j»< 5-19 Jjo» ^ i4UI ^ill 6-19 Jjj» 

Moles PV/T PV/NT 

1 8.32 8.32 

2 16.64 8.32 

3 24.96 8.32 

PV/NT ji jL^i ju, 6-19 Jjo, ^ s4Ui r^Ii 7-19 Jjj» 
j*^» *^ j^S^j 01 ^5^ (jUJi j moles ii jap N ^_^) 

Lai L$_i2 1 1 Jl^v ^ 1 a LaJeJLa (jVI (_yi>- 3_oJlJi-**i mil pU"ll J}j-k> l -^J'ji- a 
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tjclVhmUl *lSiJI 

(sJuLLlI (_j-jJL<-uij 3wH° ' ** ^ "' ~* "' (JjLSXI (_j-3 Lx-Lu '.SjuaLv 4-Lijp^j UaLx-iLi 

jljj-3 ^La '2 j 2 j *-- 5-j-ajLtj ciiljjia L^J Sj^vjJJ t^_oIjjJI (j-o Ijl»- Jjfij 

. Ji£.Ijjl1I (j-« Sjijji^. (j^j^La L$j pr_alj_i^jjlaj die , J .£" . ..t I ^3 Sjjju^s ^ilS I 
^jU<~ _)j^"" .. ^ «JsljJI ( _ T 3 L^aLal pU**itl 5y_aljj (jl 
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f.\S J_LI sLa^vLj ' " ' I S-j-LJa-j (j_« 4_»-2^j (jA-4-i L<i£. 
CjLcjj^3jJ,I (j£.j i<_jJ^JlJI JjiTi i M U (ji /_£ I ua uaVI 
4_o.}L3 SjLjJ^C CjIj i i ii I (JiiJ <jl JjiixJ,! (j-o (_y-^' 
SJjLJJ ^J-^' CjVjUco ' " «j J la 1 JuSj . detail VLjco 
Lo^jJi2j (^ 3_>oL3 .- I Laj. I (^Jl (Jj^LjJ.1 -1 la « a ^^3 
jl dJ A Vj 'j j ia 2 tl (_£J-1I /- 1 r 4_»J3jj (j-SLaj 
pr_5Lj_Lll (jl VI i Qa-jJ I (j ■■■-'''I 4_u3^c LlA LuJjL*-a 

CjI^JJlSjJI *_0 ALC JS l"l t LijI^jjJD JjLljl (_j-ll JJ Ml" 

(jj-3 l>±>JJJ^'j Lr4^J>°^' (j^icvLJJ j_p.Vl 

dil j i nL>J (^LiLJI f-^jJjAS (jc (j^LcMJ -" j" -I -»" i "I 

(_yj| 4-u-oilLl LcjI^jJl2j CjJiG JuSj .(jjt^LiJI (JjjsJI 

\JJt (_^ (_j I iM ^J I j-jS^jjl I ^-ilc *-*^3J (j^C^_Ltf3J_« 

(S-laJjIj 2 j» xj La !l CjLiJJI 2_j>JL*-a Luij t_jL^SL!1 

i t_<_uLj>J1 (J-«^>- «UjL5e_a '"■ rt J la LjqI Ju9j .S^-Lji^JI 

JliL-i-JJI (j-o 3j a_L^-a ^)_ul I . .-j j ■- ■ LaLj I i J" •" J flj 
3_LjiiljJI 3JL»JI JJi (^ 3j_U^: i^jLlSju S-ULjialaJI 
^ " [J .' J a a ' a " J ' ^*-'J J ■ * I ljufe (_y3 <Jji?"U 
I j 1 J 2 J (jl (_jJI j»J-J-II 4 J » J j-taJ I CjI i I II «L>JL»-a 
oJlj* (j'i/ l*LI jj 2 la i n j a CjLcbljU^I (_,lr -i j » a lj j 
(_y^ . i(_ 7 J>-jL>JI (- 2-lSjJI joJLjlIu J i ajj V ^_alj_JI 
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lij-pe-i 4-^t-A-LlaJI «l!LlJI jj£. /j dSLi La i_2jjlj (jl jl <iK"U t_£j-J (jl * j'^ 1 "" ""' V 
£J_A (JILa (J o ililj . I ^ j >■ I Laj JL9 (_ 7 ^J> g ' ' a a . >» 1 1 j «Lj^JlLI1 CjIj-uo 2] (j-u j-J-4-i 

^1) 2 I 1 a a ! ^ i^jUK <j-o oj^-° ^-«Lj>jJI <iJJ^> i_£ j-ll a^vLSLJI (jl i^jL^l^laV! 
q^SLj (jij i(2_<JL~JI 2 o Ls II J j o-i (ji J-j-S 2 oK J£ jju i ^\j"_' >«K"t,l (jl 

3.}Lcj i2_jLill Ijjjije-a (j^ <iK"U JJLC (JjSjj i2ojjije-o Cjl-ij-iUj i_xjil^pJI 

. 1jL>-1j 1 .^-^ ,", (j^SLl La 
(j-o 4ijla CjLloj Jl>-Ij CjJjtHo l _ 7 ic 4jJL>JI 2jjL7 t lI| ^_o|j_J| j . aj *"j 
Liiajf liJLuij i3Jl>-Ij (_p Ji*j 5j j i a 3 tLiaj I J j a» I iaJ (jl t-^cJ 4 _ :T IlJ 1 iCjLaiSLII 
Lai .«LjJI 2 ajU'l I j ^IjVI «Ll»-j3 (jj^Ja jj£, (_j-!2l (jLcuJ^I ( _ T 3 joSLajil /j_oljj 
3j_C •" J 3 » j U" , ,. \ (_g jj|j ^ i_l ij,i\ 4Sj-lm ^.oLljJ (JlLo S-ajJililJ ^_alj_JI 

1 1 jl>. Sljiaj L^jV 2_JUjiJI i_iSI_jil ^ Ja*JI ».U-.,„~ V iCjLaKJ! (j-a <_aVi 

i4_L<_*_a ,_£_^>.i JlJlj 4_Ll*-o CjI oK f-JLjJ CjVL<Ci>-! <— )l i n-»- (_ji£- J-«1L»3 cr&^ 

•L$J lLiJ) «_oLtuJI Lg-a JLa-"i i nj 2 «L2j^Ja ojuij 
. J-aVI I J-JJ-i LajLji IJl^v JjjL^e_o JLtaJ TTJ^ f^LS^' (*49 ajj dil jj 
(_yJ-JI 2 < 111 (_gi) 2jjjSUI 3JLLJ1 -i j a CjUejI TtjLiJ (_,lr «U£ aJ"mII J n'nu uj 
Ij_lj£ Uajji < - , » U a (jjJIj ((tcjjLoII «L»-^J (Jj^Is (jc < , , nL>Jl ^1 iZ*l»-.}| 

2^jc_l1j cj Laj I < 1, 1 (j I j S_a (j_a i^^lSDI 2JL>- ^^a cjJlxj Li^ njL»3 /oJ L^J'i/ 
cj1_oj_L*J,I pL>-j" i nl 3jLc J_it" i njj .2j^ii!l 2JLj/jiJ J^lSLII j-^ jj • ..^"H 

ji ^VjJI ^j". ii U ^Ir 2ijj>J,l SJlC.1 i ii<i j fj^>- 2 ajj taJI oJl^j CjJl2£ ( _ 7 lll 
JL>J,I IjLjfc (j 3 j j '^ S II (_JjJi,l lr AjJiill J o'njinj .pragmatic ^^.oLSlI 
jl (jSU-J L^JJ i2_j^jL>. ^L^aj j»Ljii! 2 i a i a '■>■" a Chips CjL9L9j a1JlJ-~ii.iI (j^Lc 
VjLLLo i J_»-Ij (jl (_y3 jljj-o JS i"i t 4 a u se a Cjuj" i na (_ T ^Lc (J-iijtl!! j o" i n_i 
(_yi L4JL0 j_p (<s-aLuiJj iaLoIIj (^IjiII AjvjIj i_xj1?^1IIj CjI oKII jLjH>-I ^ULa 
. Vuili*-! j5£i \ jj 1 ...V*<tl jJJ Jj.ajHilj I j Lu La_ia ' . 'j ' ' all (_gl (_^>J jy-oUj-J 
jr_alj_jj| (j_o J_jJ_«JI 4_ojL2JI 4J-U-aj| CjIj'i 1 nil (_y3 i 3'j J -°'^' j oiji nj 

v2jL«_L!Li .-.IjI ... A-,„l ^^Lc. jjJL cjULJI j^l^a £yi tiiLajim rl>»^-uV 

(_j-3 S^Lii j-jSIj «Ll?i jiil py-aljj «Lb i_2Jl$j ci*jE_JI j 0" 1 im 1 nj icLut-LilaJI 
f-3ljJj ijlj-aJU 2_oL«JI jLcl^oill jUk:VI ^ 3jli.| taJJr'inU x_o (jjLtll! 
U, I a 3 j I j" 'I ».] 2 < _i j U pj-i3 (j? 2JVI »^U" . .." I JL^jj . AjiielLuiil AjulAsj 
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drills ArgJI 

y-lj-ji-" i ill (_ T -Lc 3JVI j .^»" "" (jJ 1 1 Jlj* (j-o ji^^/lj .^JlJ-"ii m U (jx. «L3jj(3 
(jjSLjjj/ (Jj ijl i iLflj i " >l pj-iia^a (J_J*- L^J 3Jj^>JU 4^jj(Ji,l 3ji£.lJ3 (j-o diLajUU 

mjjuj diljjj 'I^tR- j»L«-II j-iSLolII ^yl^. LajlcI in" I «3^jjlJIj 5'al ,^.^tl« L^J 

. |jL>. JLutJI MjJlt,l (jyl^. 1-dJj Q^SLu-u (jSUj i*l£i ^^-£1 l£jlm 
(^j^a^tSj gj^a-iac i i i_ALajjj i^j^l 4Jt»-lj_o ( _ T 3 (JjjUoJI JuJjjj (0^5 (Jl)'- J 
jj La H * J La-) i ■■"' 2j iCjIjij-iil (j-° -5jJ^*-o J^- 1-iJ^. ^'''J.''^ 1 ,' ijJjLijJ! 

i_xj>cjj .keywords S-p-LlaJ.! ol oKIl ^^i^. i_2jjilll (j-o^ii£I J**" 1 (jl 4-JL>JI 

(j-o-ijjLjLiLiJ! CjUJJI a j'a (_yi JjiTi i nil (^ Ajii'tl jlj->-] *_o-3JVI (jSLaTu (jl 
VjtJ i4 j i iiLlII «-»-lj-l! J^-i (jlj " La j i a 1 1 -l «Q£jjla AjJz-'t mil Jijj La jlj^-J 
jQJeJj I j^a j La '_' (jl «lA^. ( _ T illj diVLii^VI (j-° ^ij^ 3 4-«jLJ3 d^l Ur| ( j_ a 
(JjljjJJ (_yJVI 4 j mi jl (jrJVI r-Lij^l •» j "■** jl (J_«JL>J,I <j-oj . «Uj-uLij La 

cjIjIxJ! ^ LiSLa-a 3JLixa3lj 7-^LcaVI manuals oL-u^Jiu Ijl>- 5 , ^,^^.-,1 1 

.3-o.iL2JI ^ nQ-^Jl 

U 'irTiW |_gj~ i ii U (j-o (_p (_yi^ ' L^>-L>o (JjLiUu Sj-ijiJI joiajJI CjjjjI jJLl 
d-jjIj^-VI /t_alj_jj| (j_a j^iii (J^e-o J.'*"' mil (_y3 (Jja- i i nj . iSjJLxil sLCjij 
. L&^Jalaj jl L& JjJoo (Jj-»-"ii n_) lij-pe-i 2 a I se uaJI (j-o C^sc-u^a I (_^JI 5j J-lL2jJI 
(j_« CjLl« » da > (_ r l^ (_£jIL>o (yJI S\-Ji uaJI -n k» III (j_« ^-j^j £i-i-i (J^iIL>Jj (j-«J 
^Ijji- L^J J^j-jJ (_t-^'j5 IJ* 1 *l "* i^ajeol I (Jjl i nil (jAitj ^^3 5 Jul I moll JlcJjjUI 
3j_j^>JI o>^ oUh*"'^'' U^ * .' ct-^j9 ^Ij3 ' ".' <j^->-l-Lo j^- C^- 1 ' *] OJih^ 
^1^_u>Jl (j_« 5^ j ^ i r> a IA>- (_ T i^. S^-colS Cji i h t njjUj CjIS^joJI (_pajt_J 4j^ojj>J1 
LLaj i4^vj}La Sjl i n->- 4 i iii njj,l (jc j<uijL>-l (J^p-j jl 3l3j i . i j i njj nj-u^ mijII 
3j_iiKjl aJJb (Jilo LlaAa» /. o U 1 1 j ^ \\ .^."aVI (_gjj i nl,l ( _ T 1^. 4 jo it^i 1 (j-o oj^i 
L^_ijS ^^J! S-sL^isVLij .«_ulj 3'-^-' (_2-^J ^ J 3 ' ".' 'L>-"- J?- '^ (J> '* i_r^ 
I o IS LaJljJljsoj L&j_Ja-La3 Lulj) (jSLaj 4Jl3 id mi uj.aU (jLa^l pjj) JS i""i 
( _ T 3 aJl2j )«J3j3 (jSLajj . L^JL^o [^ 3JuJl>- CjLo^Llo Cjj^Ijjj JjJ^ Jl^-"i i nl 
diljl mi" mVI l(>u >LaVI JjLu^oj SjiaUJ.1 ^Jl^U i^JjlJI :2LjJbJI (jJjLfil 
Jal i a al j Ji ) ali I 4_oj^Lll Cjlj—iiKJI d^cj^xji j<uJi2Il1 (j^oOJI i^jjl o in nVI 

«_J_1 JJ-ol (_5-3 Q^JlIIj SjJ mi U (<UJl2Jl1 l4_UOjL2Jlj 3jjl jVI (Jjl I ii 1,1 l(j^oQjl 

JlJLS (j^-ojiir"! ii U i_3^l_L>-lJ SjjJkJI !_gj"i i ii a I kjjj&xmj .CjIj_lIIj CjljLitJI 
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J J 3 q (J-* j' 4-jJLdJI '"*■ sel^-L^JLI ^JJ o ^ a * (j-ijJl (j-LS^I^J,! {jjs Ijj^SL) 

I o S ./c_^JjL_La (j_« d 1 '^•"" '"■'' fQ-^J> i ( tils*- 42ai mi) (JlJ-a Ji^"t i n 1 ^jJI aL*J1 

,i-<I M ,>. jAtK gtj«j jUtl cjjIjSJI 3JL>. ^^a 5_uil moll 5y_aljj tdLui (jj£Lu-u 

■" la-til (jSLx-i tit-t*. • ••t3^'-> J>1 ^'j (JjX>"j nj^Sljjil CjIjjjj ij^^j^l Ja^jjij 
. iUiJ^I tliltlj^vl (tt-jJaJuj (Jli ijj-i ij- 1 * 3 '^^- U^ '"',' 

Sj^sLi-j architecture, 3Jljjl». *Lb t_*-tlL-uf jjj^" lilli < .Itv.j ,,.j . JlcIjJlII 
ji hardware ±\ "« 1 1 3 im ilLi *!jjj SjjjjjIs -> _■ • a3 i-m-k 4jjljlll <L>JL*1,I 
tix^p. iS^jjlII (j-a 3jjji£. cjLj^Ll^o tj-oIjjJI j>Jl^J qj^j ' "j • software tj_oIjjJI 
jy_aljj_i (_pj_u liLa i«l£jij LujJ! ouj" i nil aJ^-'i < u3 j! LlLlII ciuj"h noil (j^x-i 

(jJ3 i*i> JJ (ji L$JJ^> '^ '' lj-° O-"^ 'LJLS .(^y^jHo La (ji^iV mi' (jjiijll /oJSj (^C 

«Ulj_u1j (JI i^ajl dS i i"i t p^ti^Jj (j_oAIj (J)!*"! «LfljHje_a 3^_t^>- /daj i la uj-t • "J 
•" la iJ I (_JJl^vI ^^Jl I j xlj «L>-jJ.I jLtuilL-uVI Jj^tHj Lg-La |_£2( tt o i n" £-u?x-} 

i cj I JJL> Jlj in II ! j_a \c 3_iLvVI (_,!£: jjls! (^Jlill cjj_tk:l Ijj (jj^^l 
(jiUj itljjll 4_yjiiILij i>llo 5-LxlaJI otjl iiirt'uiVI fjjs iJSLa jiVl oj^j 

»/■ o j \ ^1 (jjjL_ui (_ T 1^. 4 taa taaiej rt ^_al^_i *Lb 
'2tj j . .. ^ilSi g| <i l"i --J. I (jJ^Ltll &\J 4^jj\\ ,J_Hj 3j_uj>JI •" lo-tl I J<-»-"ii nj 
i L^Jj^JlJ-" i n_t (_^tll (JVjojjiVI [jijlsj S^jjlII ^Ij^ (j-o (jaadtll 4j1«x. J^j i nl LiS 

tl) JlL*_a (j-* J I (J"^*Xl J'" 11 (J-* *'^>-^>^l O"^- 1 l>" ^ (JjjL_uL1 Ajca-" I n*i LlS 

aj_& » j U" , ,,"j . (Jjl i nil (J\>- ( _ T 3 jjj-^' (j^ 1 ^ 03-*-Ai * ^ iji'-^' 3 AI"J» ^ 
^j^ i'l (^3J_C Jl^j?E_a (J-* ^> ^ * ' (J-ll i nil (Jjv /">ljU^ 7T j i<ijj ^ TA'tl 

.4_tJL>JI i _i i nL>JI BjxLulu pU"ll /y_oljj /^ ^-P- 3-* L*^ «lJuLJuJ! (_,i^. 

i J c I agJIj jVj'u nVI (_yi in nL>JI CjLjISLoI a JlJ-"i i n't /<J lil 2 ^j^tl (_^aj 

.<_jLjSLII (_yjij 5jj_lL2jJI /sI/Ltll 2 L . uj aI jij-'u ul Ltl J .^'aVI £yi (jjSLj j^ ajLs 

plj_ii (- I c 5j(j uaJL/3 Sijjiil JjILiiIt! A^jJI 4-oJlJ-" i ii 1,1 jjj-*^' (Ji}-' ^J 

u^ j "*• iSuilj ti ^ I »" 1 1 dJJj lJ jb (JiLiiil (jj« ■ *i j a La ^h^Ij v^''' u -0 '*-y Jl - 

cL^tJtJ ((Ji-ijt- mi" (_, a i nj mJJJI) (_>i=ljlal ^UejI ^yk: 3-sLc: ^J^Ia-ijJ '(jr^kJI 
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drills ^cgJI 

Jo^jHi L_LaL_at (Jij^iJ .CjuLj_J1 ^j-* «l£.j_4J?e_a «CjL>j ^ ^ l^" i ^ d ^jj la * j LtiflJ 

<ji>!iLi£ f.[li j\ prognosis .-.I -j^"H (JSLtui 3_L»I=ij-a J^L>J Jj^sjlll (Jjjs Jj^Is 

* )^1 < iiju 3^_uaJu ^-uLjlXI (j^. ^hh 1 -*-^' tlA- 4 - 1 *• LaJiJt^. «LcoL>. t3jJL*_a 4_uS_ufc 

(j-o plj-il (j la *"' (JSI i nil (_>^ju (j^J t4-tlaj| jl 4_l!L«j>JI j_uL*Ji,l JiLa ^ 121] I 

L$_> jo-uuiil! (3^-* j ^9 4_uljjiu^. «l2jj_Lij (jl£U!j (j-ojJu 3 2 1 »~ 1 1 a o La j U II 
-ijJUJI LuLiLSLal jjjo. ^-SJ^I ^S-ulSUI 4^jjlII JiUJ^It-t^Ejj.SJj^x^j 

(jl aJsjJLi Vj .(jLSULi (j ajj j aJI LcSlj.il j^c 3JVI ( _ > I3^ju *L*_Lalj 5jj i aj 
^^-Jj-ll jl (_, < 1 n II l_Lilj.il — — Jj (j-a 3_a.}L_ll (j 11 o-»JI Cjlji i nil (__3 (j_La_J 

.(JLc ^j" 1 11 a (_— I— . Sj-jjiJI ■" La-Ll I j 
J— -I 1 n"i 1 iij 3j_<__>JI jo__ill sLb CjIjjI jjj__) (__3 (jj_»-LJI j o"i i im nj 
3^jj(_a (j_a a \l A" , ,,VI I t~ j 1( _pl 1 11 1,1 (j_a 3JjJl>- plj-ll «— »JL»-a (__3 0j_fc 
2 A I 1^ « jjljtjLa (_p ( _ T 3 3_Sj_J,l (jjS-i o' Lr^ SJjJlC CjVL?_a ^—S oLa^L—aj 

. 3j_»-Ij 3_3jjii,| i__lji_>i qj£3 (jij iJjLx-« syntax i—u^jlu 

2l(ji ii - la ' (__ll 3-tJU^IaJI CjLiill - j'a _jl__j| *_a 4jj_ajJI 2Ja}L*J! (_£.jjjj 
d , ^. Laug&ILa *— aljj CjJL>"< i n"<< uj tCjLajU 1,1 »l qlr J-JJU 4_vLLaj (Jl iii"ii n 21 1 
jljj,l (j-u ( j^-«Lu_L_/2l 4_)jjJi,I ( _ > —>^— j-~u nl (_— Aj 4 La ^^"l I 4-a^J, Ll ^Lj_l! 
j-jjiJI 3jX.L_iJ, 4- i J a Jj(j i n"il 3_SjjJ,I j&JLc /i_aljjJI 0j_b a ) seu ■ "JJ- d La J >i 1 I 

ij— La- (_t— II Qjj — aJlj I j u jj (jlj 43j_ii-j «G_jj_a (J^LS r'ljjtlij/l ( _ T 3 ^j mijII 

. I j'" S 'I aj i uVI (j-a JVjGjj/VI CjLJT 
(0_^j^aljJ ( _ T 3 3ijj(J,l JlcIj^ ^JjiaJ ( _ T 3 ^^jJI CjLa^L(J,l »l olr j o" i ajj 
i«Ll!L>JI /j_alj_JI j<sjaj>- jJLi^s l*U jj 7r o i ujj ij ua^l «L2j^Ja J^>-J aJjl! JljJu 
(j_a ^IqI (_yJj (a^^c-alj-l (_y3 JlcIj^JI (0^*->- J LaJ Lajti^. CjJlJ-ji ii liLa (^Jj 
(jl 4-aLa- i^-ill (j-a <l»-jjj| ojui ( _ T I^- (jtJ-II J-°'j-p' (j^ ^j^J (3 ^ a J SJlClS (j_5r!-'- a 
j_LiiJI Lg^-u aJ ^ Laj i " J JlcIj^ aI JlJ-"ii nU I J i ..Ai jjU" (j|j iSjjJkJI (j^ /n I <"" 

iL^jjla ^^.^(j-Lui^o^yi^. Sj^La/T i « .— 1~ < ■ i Vji^y^ . L^jIjI /cj^iJlI^yJLuJVI 

. LlUJI L^Ll3=_uI^1<j<I (_gi JlcIjJLJ! oJui aI Jl^-'u nl CjLjJI L*Ui Jju j^Iaj (<u 
La VI (Jji^J (jl »_;'^" ■ ""' V CjLijjiL>JI (jL) (JjLoJI )«jLiuJI Jl2jJI JlO^luiJ 

. jJISLa ^IiS 1 «CLLCj|j_iia jLtujVI 4j L*^aLj 
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. 1938 aLc 3jJjjl1! j ir-ia 2Uj_^«j*j SjjJjSLuVI ^ jjj * 
(J-U-ujLi (j^l i uSu 4-*-aLv (j-o 4-*UI joJx. ( _ t 3 ^ a ■ oiaJI olj^jS J (_j-l^. J '^*~- * 

.1981 flu Sjl*2U ^LjV^JL. 
. 1983 ,J^ 1981 (j^ 4jjjl^Lu,VI 3j-aLv ^ J^i * 

CjLjVoJLj Luj jjLl! 1£Lj <Ll!VI «L<tv^iL! (jjijI^LtiajI 4 i ii i nj.a ( _ T 3 (J-a^- * 

. 1984 4jL$j ^^ 1983^ i^^j^oV! 5jL=elll 

4_*_aL*j CjUlUI ^£^_a_i 4_j_a_i_}o 2l (j a < i m U J^.Lcu_a ^_)Ju« t i ' a ' rt (JJ*-*^j * 

c-jtaVI 3 j K I S-j^-J-LsoV 3-i-LII f<s-tuij 3jJJI *1»J L-ujJ^a J_aX. ^<u C^jjSLII 

. 1989 fLc ^^ i^ijSLtl SjwUtj 
3_*_oL>JLj 3JLLJ1 /oLlI i-djl Mia jLL-ul Siijhj 1989 j ki'iuh J_La J < i°mj * 

5-JJ j I ->oVI (j^jJlilu Sjj i"i i a 




aLal 7-lliJI Ju£. aLal/j . i :4a^j 
(_JjlSLa jLiiJI Xlc/ 2 . \ :4-»j>.lj_a 






<lI;U„->V1 
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ICJIlk^ 



j_&j 1^,-cl i-ta LaVI dl^jJ! /ak: (^jJ-tl l5jL2U <_iIjSLII IJLA aJl2j 

3 ju JlaJI cGJJLutV'J 3j_l>-V 1 Cilji i nil ljr s 4_jJLi ch o fri I.. n"Sl i±uJl>- (<Jlc 
2_<JVI <Li^.^i!!j <_jjjjiL>JIj lIiIjI jt-" i nVlj pLajJl^Sjj^p. iJiiVLx-o ^^a 

liJjLcoJ i(_£jJlj<_1 jo_k. 4J1_1 /y^LJia i^VI ^l£ jJI jaJx. j_lajjj . L&j_j£.j 
2JLUI joJLcj (j^-fljjl f<s-Lc.j CjLj-iiaLjjJIj (_yJV! i . i nL>Jl »l olr 4j3 

tL^JJI 2 j ' 33 (^c 2 <LJa ' 3_yji^. S^SLa t_il3SLII I jut /ylajja 2 A , ,.l^.tlj 
2_j3SL1,I (^ /<si«JI I jut (^^c. <_jLj^ (JjI j-aj jl j ,'.VIj djLxJLjJLl (j£, ! Jj-*j 

«LijJI jjL»_o (j_o 4 in j 5j jjL»_a SJlC (_yl^. t—lLlSLII j\£jJJ . 4-OjjiJI 
J-jjxjj 3jjjJ»JI [oJq-lIIj i4-l*jj1iJI CjLiill «L>JIjla ( _ t j*J ^^ I 'U.^.VI 
(^liUi^VI pl^jJI 2_l12j aljieXml ^ }Lol£ N -^'a JjJj U£ 2_3jjiJ,| 
OjUfc j i"n " j .^Vl in nL>Jl L^-a JlJi-" i nj (_j3JI 4-LajlCj I /^.oljjJI ( _ T 3 
l_xJCJ «bl VI ^<~l ;U,^VI pKjJ| ^ (JjJtjll t_ul^v ,<ufcl £yl jjUJll 
J j I -*J (J_Lo t_lLlSjl L^JjLuJ joJ ^js>-\ jjL*-o ijJLufc (jl (jJI SjLiVI 

_>;_, (_ibSU! <jt VI 'L*H^j 4j5j.II JlSLiVI Jji^Jj fMSLII JjI^j 
i/cjJLuJI ( _ T xl«JI ( _ > I3jjl!Li j_uijjj jljjl>JI <AjJ\ I Jl$J «LujjL-uVI i_ul^>JI 
<jl J-aLjj 1 JiJLl ttajWiU L*L V 4Jf VI i^jUJI C?jL3l! ^43.33 a£jj 
cjVLa_o /_^ S-jjjjlJI 2_ilJLi 3juji£. Jl t~ I Sjj^Li i_iLiSL!l I jut q^SLj 

.^IiU^VI *Kjdi a^i^ji e^JI 



